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PREFACE 


The  Instruments  and  Controls  Division  of  Technology  Incor¬ 
porated,  Dayton,  Ohio,  prepared  this  final  report  to  document 
the  procedures  and  results  of  the  final  period  of  the  Unusual 
Events  Recording  System  (UERS)  recording  program  conducted  on  a 
Boeing  737  aircraft.  Interim  Report  FAA-RD-71-69  documented  the 
earlier  phase  of  the  program  during  which  data  was  recorded  on 
three  Boeing  Aircraft--a  707  ,  a  727,  and  a  737.  During  -.he  final 
period,  the  recording  objectives  were  modified  to  add  the  acqui¬ 
sition  of  glide  slope  and  localizer  deviations  during  IFR  ap¬ 
proaches  and  taxi  speed  and  accelerations  during  ground  operation. 
The  24-channel  UERS  recorded  503  hours  of  usable  data  during  725 
flights  between  October  1971  and  April  1972.  Of  these  flights, 

45  included  landings  under  IFR  conditions. 

The  reported  work  was  sponsored  by  the  Aircraft  Division, 
Systems  Research  and  Development  Service,  the  Federal  Aviation 
Administration,  under  Contract  FA68WA-1906.  Messrs.  Richard  A. 
Kirsch  and  J.  Clay  Staples  monitored  the  program  for  the  FAA. 

The  Technology  Incorporated  project  engineer  was  Mr.  Robert  C. 
DeLong. 

The  authors  gratefully  acknowledge  the  support  of  the  sub¬ 
contractor  airline  which  supplied  the  instrumented  aircraft  and 
collected  the  data.  Also  acknowledged  is  the  support  of  the 
following  Technology  Incorporated  personnel:  Brian  E.  Arment, 

Gary  E.  Brazier,  Charles  L.  Oakman,  Sandra  K.  Buehler,  and 
Susan  E.  Borland. 
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INTRODUCTION 


An  Unusual  Events  Recording  System  (UERS)  program  was  initi¬ 
ated  by  the  Federal  Aviation  Administration  (FAA)  in  July  1968  to 
monitor  the  interaction  between  aircraft  motion  and  pilot  control 
inputs  during  the  normal  operation  and  any  unusual  events  of  jet 
transport  aircraft  in  scheduled  air  carrier  operations.  A  data 
sample  recorded  on  three  Boeing  jet  transports  --  a  707,  727,  and 
a  737  --  was  analyzed  and  documented  in  Reference  1. 

In  June  1971  the  program  was  modified  and  extended  to  record 
additional  Instrument  Landing  System  (ILS)  parameters  and  ground 
data  on  the  Boeing  737  during  6  months  of  operation.  Between 
October  1971  and  Acril  1972,  503  hours  of  usable  data  were  re  vrded 
on  725  flights. 

The  objective  of  the  extended  recording  program  was  to  pro¬ 
vide,  in  addition  to  the  unusual  events  monitoring,  the  following 
statistical  data,: 

(1)  ILS  data  during  IFR  approaches: 

localizer  and  glide  slope  needle  deviations 
versus  distance  from  threshold. 

(2)  Approach  speed  data: 

stall  margin  and  airspeed  variations  during  IFR 
and  VFR  approaches  . 

( 3 )  Touchdown  data : 

accelerations,  airspeed,  stall  margin,  and  pitch 
attitude  at  landing  impact. 

(4)  Taxi  data: 

(a)  time  from  touchdown  and  speed  at  thrust  reverse 
and  first  wheel  brake  application,  and  maximum  rpm 
during  thrust  reverse. 

(b)  lateral  accelerations  and  taxi  speeds  during  turns. 

(c)  acceleration  peaks  versus  taxi  speed. 

( 5 )  Flight  data  for  control  surfaces  and  deployable  equipment 

(a)  envelopes  of  control  deflections  versus  dynamic 
pressure . 

(b)  dynamic  pressure  during  flap  and  landing  gear 
extensions . 
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(6)  VGH  data  during  flight  operation: 

c.g.  vertical  acceleration  peaks  and  time  in  inter¬ 
vals  of  weight,  airspeed,  and  altitude. 

This  final  report  contains  the  data  for  the  737  aircraft.  In 
addition  to  the  1971-72  data,  this  report  includes  those  types 
of  the  earlier  737  Normal  Events  and  VGH  data  which  are  compatible 
with  the  current  data  to  provide  a  more  significant  ..ample  for  the 
737  aircraft. 

The  following  sections  briefly  describe  the  UERS  system,  the 
instrumented  737  aircraft,  the  instrumentation  installation,  and 
the  data  collection;  discuss  in  more  detail  the  reduced  data  defi¬ 
nitions;  present  the  data  results;  and  list  the  conclusions. 

2.  UNUSUAL  EVENTS  RECORDING  SYSTEM  (UERS) 


The  Unusual  Events  Recording  System  (UERS)  consisted  of 
the  following  major  components:  a  Digital  Adaptive  Recording 
Set  (DARS)  with  a  compatible  magnetic  tape  magazine,  a  signal 
conditioning  unit,  and  various  types  of  transducers.  The  sig¬ 
nal  conditioner  converted  the  signals  of  various  types  of  trans¬ 
ducers  to  analog  signals  compatible  with  the  digital  recorder. 
The  recorder  sampled  the  analog  signals,  converted  them  to  a 
digital  value,  edited  these  samples  for  redundancy,  and  trans¬ 
ferred  the  digital  samples  to  the  tape  magazine  for  permanent 
storage.  Appendix  II  describes  the  major  UERS  components,  and 
Reference  2  details  the  UERS  design,  fabrication,  installation, 
and  calibration. 

3.  INSTRUMENTED  AIRCRAFT 


During  the  current  recording  phase,  a  modified  UERS  recording 
system  was  installed  in  the  originally  instrumented  Boeing  737  air¬ 
craft.  This  aircraft,  one  of  three  instrumented  during  the  first 
phase  of  the  program  described  in  Reference  1,  was  operated  in 
scheduled  passenger-carrying  service  within  the  United  States  by 
an  airline  company.  The  737  was  selected  for  this  recording 
phase  because  its  short-haul  operation  promised  the  greatest  num 
ber  of  instrument  approaches  and  the  most  ground  operation  during 
the  6-month  recording  period. 

figure  1  shows  a  737  aircraft,  and  Table  1  lists  its  physical 
data  obtained  from  Reference  4. 

4 •  UERS  SYSTEM  INSTALLATION 

The  recorder  and  signal  conditioner  on  the  instrumented  737 
aircraft  was  installed  in  the  aircraft's  electronics  compartment. 
For  the  later  phase  of  the  project,  the  following  transducers 
were  removed  from  the  original  installation:  RMDI  circuitry,  OAT 
probe,  cockpit  vertical  accelerometer,  angle-of-attack  probe, 
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TABLE  1.  PHYSICAL  DATA  FOR  737  AIRCRAFT 


Type  of  Service: 

Short-haul 

Propulsion: 

Two  JT8D- 7 ' s 

Maximum  Taxi  Weight: 

100,800 

lbs . 

Empty  Weight: 

59,650 

lbs . 

Wing  Span: 

93 

ft. 

Length: 

100 

ft. 

Height: 

37 

ft. 

No.  of  Passengers: 

113 

and  angle-of-sideslip  probe.  These  transducers  were  replaced 
with  other  transducers  to  record  parameters  of  specific  interest 
for  this  phase  of  the  contract.  Table  2  lists  the  parameters 
recorded  by  the  modified  UERS  system.  The  following  paragraphs 
describe  the  operation  of  the  new  transducers. 


TABLE  2. 

LIST  OF 

RECORDED 

PARAMETERS 

Channe  1 

Channel 

No. 

Parameter 

No. 

Parameter 

1 

Elevator  Control 

Position 

13 

Static  Pressure  (Altitude) 

2 

Fuel  Quantity 

14 

Heading 

3 

Engine  No.  1  N2 

RPM 

15 

Differential  Pressure  Low  (Airspeed) 

4 

Taxi  Speed 

16 

D; fferential  Pressure  High  (Airspeed) 

5 

C.G.  Vertical  Acceleration 

17 

Digital  Switches  (3) 

6 

Flap  Position 

18 

Stabilizer  Position 

7(1) 

DME  (2) 

19 

Localizer  Needle  Deviation 

8 

Cockpit  Lateral 

Acceleration 

20(4) 

Aileron  Control  Position 

9 

VOR  Frequency 

2! 

C.G.  Lateral  Acceleration 

10 

Engine  No.  2  N'2 

RPM 

22 

Marker  Beacon 

11 

Roll  Angle 

23 

Rudder  Pedal  Position 

12 

Pitch  Angle 

24 

Glide  Slope  Bar  Deviation 

(1)  Main  landing  gear  touchdown  shorts  channel  7  to  full  scale. 

(2)  DME  channel  was  disconnected  to  conserve  magazine  tape. 

(3)  The  digital  switches  monitor  the  following  functions: 

Yaw  Damper  On  Autopilot  in  Roll-hold 

Ground  Spoilers  Out  "  "  Pitch-hold 

Landing  Gear  Down  "  "  A1 t i tude-hold 

(4)  Wheel  brake  application  shorts  channel  20  to  full  scale. 


The  taxi  speed  was  obtained  by  paralleling  the  output  of  the 
anti-skid  transducer  on  the  right  outboard  main  landing  gear.  The 
transducer  consisted  of  a  77-pole  tach  generator  which  emits  77 
electrical  pulses  for  each  rotation  of  the  wheel.  The  frequency 
of  this  signal  is  directly  proportional  to  wheel  rotation  and 
aircraft  taxi  speed.  Circuitry  within  the  sign  il  conditioner 
transformed  this  varying  frequency  signal  to  a  tic  level  propor¬ 
tional  to  ground  speed.  The  output  of  the  signal  conditioner 
was  scaled  to  provide  accurate  data  over  the  5-  to  65-knot  range 
of  taxi  speed. 

The  wheel  brake  signal  was  obtained  by  installing  adjustable 
microswi'tches  on  the  linkage  between  the  foot  pedal  and  the  brake 
actuator.  These  switches  operated  when  the  brake  pedals  were 
depressed  by  either  the  Captain  or  the  First  Officer  of  the  air¬ 
craft.  The  sensitivity  was  adjusted  during  installation  to  require 
a  firm  depression  of  the  brake  pedal.  The  signal  obtained  from 
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the  switches  was  used  to  deflect  the  recorded  aileron  channel 
signal  to  full  scale  when  wheel  brakes  were  , applied . 

The  glide  slope  and  localizer  deviation  signals  were  obtained 
by  connecting  conditioning  circuits  across  the  Captain's  flight 
director.  These  signals  were  raw  glide  slope  and  localizer  data  . 
obtained  directly  from  the  UHF  receiver.  The  conditioned  signals 
were  scaled  to  require  ±150  microamperes  of  glide  slope  deviation 
and  ±200  microamperes  of  localizer  deviation  to  swing  the  recorded 
signals  from  minimum  to  maximum.'  Thus,  the  recorded  deviation 
data  was  identical  to  the  raw  data  displayed  at  the  bottom  and 
right  side  of  the  Captain's  flight  director  shown  in  Figure  2a 
and  in  the  CDI  shown  in  Figure  2b,  qxcept  that  the  ±200  microampere 
localizer  deviation  range  exceeded  the  ±150  microampere  capability 
of  the  displays.  1  ,  . 

1 

The  marker  beacon  signal  was  obtained  by  connecting  condi¬ 
tioning  circuitry  across  the  Captain's  marker  indicators.  As 
the  indicator  lamps  flashed,  the  outer  marker  signal  deflected 
the  recorded  signal  to  a  predetermined  value,  and  the  middle  mar¬ 
ker  signal  deflected  the  recorded  signal  50  percent  of  the  outer 
marker  value. 

The  low-range  airspeed  signal  was  obtained  by  amplifying  the 
dynamic  pressure  transducer  signal  by  a  factor  of  approximately 

4.  This  allowed  an  airspeed  signal  ufc  to  200  knots  to  be  mea¬ 
sured  during  approaches  and  departures.  The  high-range  airspeed 
signal,  with  a  range  up  to  430  knots,  was  obtained  directly  from 
the  dynamic  pressure  transducer. 

'  I  I  ' 

1 

The  instrumentation  was  calibrated  before  and  during  in¬ 
stallation  and  during  and  after  removal,  and  the  calibration 
slopes  were  checked  several  times  during  the  data  collection 
phase  A  description  »<f  the  calibration,  techniques  and  results 
arc  included. in  Table  17  in  Appendix  II. 

During  the  recording  program,  the  recorded  DME  information 
was  quite  noisy,  and  the  recordirig  capacity  of  the  UERS  maga¬ 
zines  was  severely  reduced  by  the  activity  of  this  channel.  Fur¬ 
ther,  the  number  of  arrival  airports  with  VORTA,C's  which  provided 
useful  DME  data  during  approach  was  too  small  to  warrant  the 
additional  expense  of  this  channel.  Therefore,  the  DME  channel 
was  disconnected  early  in  the  recording  period. 

5.  DATA  COLI.ECTION 

I 

The  data  collection  arrangements  by  the  airline  company  dur-  | 

ing  this  recording  phase  were  a  continuation  of  those  set  up  dur-  | 

ing  the  original  recording  period  and  described  in  Reference  1.  1 

At  predetermined  checkpoints,  airline  maintenance  personnel  per-  \ 

formed  UERS  system  checks  and  noted  the  percentage  of  recording  | 

tape  remaining.  When  the  percentage  of  tape,  remaining  was  below  | 

10  percent,  the  magazine  was  removed  and  replaced  with  a  fresh  f 
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(b)  Master  Heading  Pictorial  Deviation  Indicator 
(Sperry  Flight  Systems  Division  Model  MHR-4A) 


Figure  2  -  Concluded 


The  subcontracted  airline  furnished  computer  tabulations 
with  the  airport  identification  and  time  for  each  recorded  de¬ 
parture  and  arrival  along  with  the  aircraft  departure  weight. 

To  permit  classifying  the  approaches  as  IFR  (Instrument 
Flight  Rules)  or  VFR  (Visual  Flight  Rules) ,  the  weather  informa¬ 
tion  for  each  arrival  was  extracted  from  the  Hourly  Weather 
Station  Observation  Reports  supplied  by  the  National  Climatic 
Center  in  Asheville,  North  Carolina.  These  reports  included 
ceiling,  visibility,  wind  velocity,  and  gust  velocity. 
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The  data  collection  period  extended  from  October  1971  to 
April  1972.  Table  3  summarizes  the  data  recorded  during  this 
period . 


TABLE  3.  RECORDED  DATA  SUMMARY 
No.  of  Magazines  with  Valid  Data:  37 

No.  of  Magazines  with  Invalid  Data: 

Nz  Channel  Inoperative  -  3 

Recorder  Power  Switch  Malfunction  -  2 

No  Flight  Data  Recorded  -  2 

Total  No.  of  Recorded  Magazines:  44 

Total  No.  of  Flights  with  Valid  Data:  748* 

Average  Flights  per  Magazine:  20 


*  Includes  training  flights  and  partially 
recorded  flights  which  were  not  processed 
as  VGH  data.  Total  no.  of  flights  in 
VGH  data  is  725. 


6.  DATA  PROCESSING 

When  the  UERS  magazines  were  received  at  Technology 
Incorporated's  Data  Processing  Center  in  Dayton,  Ohio,  the  data 
was  extracted  by  a  playback  unit  connected  to  the  company's  com¬ 
puter.  Then  a  series  of  programs  processed  and  reduced  the  data 
into  several  general  categories:  VGH  data,  Normal  Events  data, 
ILS  data,  Taxi  data,  and  Flaps  versus  Airspeed  data.  The  defini 
tions  and  computational  procedures  employed  in  the  processing  of 
the  data  are  described  in  Appendix  III. 


Both  the  recorded  input  data  and  the  processed  output  data 
were  permanently  stored  on  tape,  and  a  complete  copy  of  the  out¬ 
put  data  tabulations  was  delivered  to  the  FAA.  The  more  signifi 
cant  data  results  are  included  in  the  following  paragraphs. 

7.  DATA  RESULTS 

The  data  results  are  presented  in  graphical  and  tabular 
form  in  Appendix  I.  The  737  data  from  Reference  1  was  combined 
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with  the  current  737  data  in  all  types  of  data  presentations 
where  the  two  sets  of  data  were  compatible.  The  following  sec¬ 
tions  discuss  the  data  results  under  general  categories.  Note 
that  all  ranges  or  intervals  in  the  tabular  data  are  represented 
by  their  lower  limits;  for  instance,  0.7  indicates  the  nz  inter¬ 
val  from  0.7g  to  0.8g. 

7 . 1  Unusual  Events 

No  extreme  flight  attitudes  were  recorded  during  the  737 
recording  program.  However,  three  noteworthy  events  were  re¬ 
corded:  1)  a  "hard"  landing,  2)  a  missed  approach,  and  3)  a 
short  landing  rollout  with  a  high  deceleration. 

The  "hard"  landing  had  a  l.lg  vertical  acceleration  at  the 
aircraft  center  of  gravity.  Figure  3  (Appendix  I)  depicts  the 
recorded  time  history  of  c.g.  vertical  acceleration  during  touch¬ 
down.  The  approach  to  this  landing  appeared  normal  with  a  120- 
knot  airspeed  and  a  40-degree  flap  setting.  The  highest  vertical 
acceleration  during  touchdown  for  the  1122  twin-jet  landings  re¬ 
ported  in  Reference  5  was  between  0.8g  and  0.9g. 

The  data  for  the  missed  approach  is  presented  in  Section  7.2. 
The  reported  ceiling  during  this  approach  was  broken  clouds  at 
290  feet  and  overcast  at  400  feet.  Upon  crossing  the  middle  marker 
at  the  decision  height,  the  pilot  apparently  did  not  have  the  air¬ 
port  in  sight  and  executed  a  missed  approach  according  to  the  pro¬ 
cedure  given  in  Reference  3.  After  this  approach,  the  pilot  pro¬ 
ceeded  to  the  next  scheduled  destination.  The  flight  was  listed 
as  an  "over-flight  due  to  weather"  in  the  routing  information 
accompanying  the  recorded  data. 

The  data  for  the  short  landing  rollout  is  presented  in 
Section  7.3.  This  landing  was  performed  at  a  relatively  low  air¬ 
craft  weight  (78,800  pounds)  on  Atlanta  Runway  09L.  After  touching 
down  well  within  the  normal  touchdown  zone  and  with  a  rapid  deceler¬ 
ation,  the  pilot  decided  he  could  turn  at  a  taxi  exit  about  3000 
feet  from  the  runway  threshold.  To  perform  this  early  turnoff,  the 
pilot  had  to  brake  hard  with  a  peak  deceleration  of  about  0.4g. 
During  all  other  recorded  flights  on  this  runway,  the  pilots  used 
an  exit  about  1000  feet  further  down  the  runway. 

7 . 2  ILS  Data 

Recorded  glide  slope  and  localizer  deviations  during  the 
missed  approach  to  Roanoke  runway  33  are  plotted  in  Figure  4. 

The  small  deviations  indicate  an  accurate  approach  down  to  the 
middle  marker.  The  small  bump  in  the  glide  slope  deviation  at 
about  16,000  feet  from  the  threshold  was  cross-checked  with  the 
recorded  values  of  vertical  acceleration  and  pitch  attitude. 

Since  these  other  parameters  did  not  substantiate  the  bump,  it 
was  deduced  that  the  bump  in  the  glide  slope  deviation  was  a 
local  anomaly  in  the  glide  slope  beam  probably  caused  by  ground 
obstructions  near  the  transmitter  antenna.  The  plotted  flight 
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path  after  crossing  the  middle  marker  was  derived  from  the  re¬ 
corded  airspeed,  heading,  and  altitude. 

Forty-five  flights  during  IFR  weather  conditions  yielded 
valid  localizer  deviation  data.  Of  these  flights,  thirty-five 
also  had  valid  glide  slope  deviation  data.  Deviation  data  were 
plotted  for  eight  runways  which  were  selected  as  typical  because 
of  the  number  of  recorded  approaches  or  as  unique  because  of  the 
runway  arrangement  or  the  ILS  equipment.  The  plotted  data  is  pre¬ 
sented  in  Figure  5.  As  expected,  the  glide  slope  deviations  gen¬ 
erally  indicated  a  level  approach  until  intercept  of  the  glide 
beam  centerline  just  before  reaching  the  outer  marker.  The  dis¬ 
tance  between  the  threshold  and  the  outer  marker  of  these  runways 
varied  from  3.6  to  5.1  nautical  miles.  With  the  exception  of 
three  of  the  approaches,  the  localizer  deviations  were  relatively 
low  from  the  outer  marker  to  threshold. 

A  localizer  back-course  approach  to  Atlanta  runway  27L 
under  IFR  conditions  is  illustrated  in  Figure  5a.  Figure  5c 
shows  data  for  an  approach  to  the  right  runway  of  the  parallel 
runways  at  both  Midway  and  Atlanta  airports. 

Four  of  the  recorded  flights  had  a  series  of  approaches  and 
landings  performed  during  737  crew  training.  F4ght  of  these  ap¬ 
proaches  were  made  on  an  ILS  runway  with  the  glide  slope  and  lo¬ 
calizer  receivers  operating.  It  was  assumed  that  these  were  simu¬ 
lated  IFR  approaches.  The  glide  slope  and  localizer  deviations 
during  these  IFR  training  approaches  are  presented  in  Figure  6. 

In  general,  this  training  data  reflected  greater  precision  than 
the  operational  IFR  approach  data. 

When  defined  as  the  mean  deviation  plus  three  sigma  of  the 
distribution  of  recorded  deviations,  the  normal  operating  zone 
for  the  737  IFR,  VFR,  and  Training  data  and  for  the  simultaneous 
IFR  approaches  documented  in  Reference  6  is  illustrated  in  Figure  7. 

The  localizer  deviation  data  is  summarized  in  Figure  7A. 

From  4  miles  out  to  threshold,  the  lateral  operating  zones  de¬ 
rived  from  the  737  IFR  localizer  deviations  are  almost  identical 
to  those  defined  by  radar  data  recorded  during  simultaneous  IFR 
approaches.  Beyond  5  nautical  miles  the  recorded  737  data  indi¬ 
cates  extreme  variations  because  the  recorded  data  frequently 
included  part  of  the  turn  preceding  the  localizer  intercept  near 
the  outer  marker.  From  the  Reference  6  data,  all  recorded  at 
Chicago  O'Hare  Airport,  the  approaches  had  generally  the  same 
angular  deviations  or  the  same  localizer  deviations  for  at 
least  9  nautical  miles  from  touchdown.  Such  deviations  would 
be  expected  since  the  Instrument  Approach  Procedures  (Reference 
3)  requires  localizer  course  intercepts  beyond  12  nautical  miles 
on  runway  14L  and  beyond  8.6  nautical  miles  on  runway  14R  for 
simultaneous  parallel  approaches.  Thus,  for  the  portion  of  the 
approach  where  the  pilots  are  required  to  fly  the  localizer 
course,  the  lateral  deviations  and  the  normal  operating  zones  are 
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the  same  for  the  737  IFR  approaches  to  a  number  of  airports  as 
for  the  simultaneous  approaches  to  Chicago  O'Hare  Airport.  In¬ 
cluded  for  comparison,  the  data  for  the  VFR  approaches  performed 
with  the  ILS  receiver  show  a  wide  dispersion  at  all  distances  be¬ 
yond  2  nautical  miles  from  threshold. 


The  glide  slope  deviation  data  is  summarized  in  Figure  7B. 

For  the  IFR  approaches  ,  the  normal  vertical  operating  zone  covered 
almost  the  entire  ±0.7  degree  width  of  the  beam  thickness  at  all 
points  from  1  to  8  nautical  miles.  The  IFR  training  data  indicated 
a  slightly  smaller  operating  zone,  whereas  the  VFR  data  was  again 
widely  dispersed.  No  vertical  deviations  were  given  for  the  simul¬ 
taneous  approaches  in  Reference  6.  The  thickness  of  the  normal 
vertical  operating  zone  for  IFR  operation  was  greater  than  expected. 
This  was  probably  caused  by  the  pilot  using  a  visual  approach  as 
soon  as  he  had  the  airport  in  sight.  However,  the  point  at  which 
the  pilot  made  visual  contact  could  not  be  reliably  determined 
from  the  reported  ceiling  because  of  variations  in  the  type  of 
cloud  cover  present. 


The  maximum  localizer  overshoot  between  the  point  of  initial 
intercept  of  the  localizer  centerline  and  the  outer  marker  during 
each  IFR  approach  was  plotted  in  Figure  8.  As  seen  from  this 
figure,  the  mean  localizer  overshoot  was  72.18  microamperes  or 
about  half  of  the  full  localizer  needle  deflection.  From  the 
data  in  Reference  6,  it  is  estimated  that  the  mean  maximum  over¬ 
shoot  for  simultaneous  IFR  approaches  was  about  30  microamperes 
or  about  one-fifth  of  the  full  localizer  needle  deflection.  Al¬ 
though  part  of  this  reduction  in  needle  deflection  during  locali¬ 
zer  overshoot  is  due  to  earlier  localizer  intercept,  it  is  ob¬ 
vious  that  the  pilots  on  parallel  IFR  approaches  are  more  care¬ 
ful  during  localizer  intercept  to  avoid  large  intrusions  into 
the  airspace  between  the  extended  runway  centerlines. 

Tables  4,  5,  6,  7,  and  8  present,  respectively,  the  localizer, 
glide  slope,  roll  angle,  indicated  airspeed,  and  stall  margin  dis¬ 
tributions  versus  distance  from  threshold  for  the  IFR,  VFR,  and 
IFR  Training  approaches-.  The  parameter  values  listed  in  the 
headings  are  the  lower  limits  of  the  intervals. 


At  approach  windows  located  at  the  outer  marker,  the  middle 
marker,  the  threshold,  and  eight  successive  6000-foot  intervals 
from  threshold,  the  simultaneous  glide-slope  and  localizer  devia¬ 
tions  for  each  IFR  approach  were  plotted  on  a  grid  to  illustrate 
the  dispersion  of  flight  paths.  These  graphs  are  presented  in 
Figure  9.  \iso  shown  on  these  graphs  are  dashed  envelopes  of  the 
glide  slope  and  localizer  deviations  defined  by  the  mean  value 
plus  3o  at  each  window.  These  graphs  indicate  a  close  grouping 
of  the  plots  from  the  middle  marker  out  to  24,000  feet  from  thres¬ 
hold.  The  point  at  the  extreme  upper  left  at  threshold  was  re¬ 
corded  during  the  climbing  left  turn  on  the  missed  approach. 
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7 . 3  Airspeeds  and  Stall  Margins  During  Approach 

Airspeeds  and  stall  margins  were  listed  in  Tables  7  and  8 
for  those  approaches  with  the  ILS  receiver  turned  on.  In  Figures 
10  and  11,  time  histories  of  mean  airspeeds  and  mean  stall  mar¬ 
gins  are  plotted  for  the  flight  rule,  ceiling,  and  wind  correction 
categories.  In  addition  to  the  current  737  aircraft  data,  these 
graphs  include  the  737  aircraft  data  recorded  earlier  in  the 
program. 

Figure  10a  compares  the  mean  IFR  approach  airspeeds  with  the 
mean  VFR  approach  airspeeds.  As  expected,  the  aircraft  maintained 
a  steadier  airspeed  fcr  a  longer  approach  under  IFR  conditions 
than  under  VFR  conditions. 

In  Figure  10b  the  IFR  approach  airspeeds  in  the  current 
data  are  compared  in  each  ceiling  category  with  those  in  the 
composite  737  data  (including  the  earlier  737  data) .  The  low¬ 
est  and  steadiest  airspeeds  were  recorded  in  the  400-  to  1000- 
foot  ceiling  category,  which  also  contained  the  most  recorded 
flights . 

The  IFR  approach  airspeeds  in  wind  and  gust  correction  cate¬ 
gories  are  plotted  in  Figure  10c.  In  general  the  0-  to  5-knot 
calm  category  had  the  lowest  approach  airspeeds;  however,  the 
small  samples  in  the  higher  categories  had  the  lowest  airspeeds 
at  some  of  the  plotted  times. 

The  VFR  approach  airspeeds  in  wind  and  gust  correction 
categories  are  plotted  in  Figure  lOd.  During  the  last  minute 
of  the  approach,  the  flights  with  the  higher  wind  and  gust 
corrections  maintained  higher  airspeeds.  The  actual  correction 
to  the  mean  airspeeds  was  only  about  half  of  the  correction 
value  prescribed  for  each  category. 

Figure  11  contains'  four  graphs  of  mean  stall  margins  in  the 
same  categories  used  for  the  airspeeds.  Figure  11a  shows  that 
the  IFR  final  approaches  were  conducted  at  a  stall  margin  of 
about  1.28,  with  touchdown  at  a  stall  margin  of  1.20.  The  VFR 
approaches  were  at  higher  stall  margins,  but  had  no  perceptible 
stabilized  final  approach  value.  There  is  no  trend  of  mean 
stall  margin  with  IFR  ceiling  category  as  shown  in  Figure  lib. 
Figures  lie  and  lid  for  the  IFR  and  the  VFR  approaches,  respec¬ 
tively,  show  that  stall  margins  increased  as  the  wind  and  gust 
correction  increased.  Because  of  the  small  IFR  samples  in  the 
higher  corjtection  categories,  some  of  the  mean  stall  margins 
in  Figure  11c  do  not  conform  to  this  trend. 

7.4  Touchdown  Data 


Probability  plots  representing  the  distribution  of  c.g. 
vertical  acceleration,  indicated  airspeeds,  stall  margins,  and 
pitch  attitudes  at  touchdown  are  shown  in  Figure  12.  Figure 
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12a  presents  the  probability  of  exceeding  each  level  of  c.g.  vert¬ 
ical  acceleration  for  the  737  data  and  for  twin- jet  aircraft  data 
taken  from  Reference  5.  The  mean  touchdown  accelerations  were 
0.37g  for  the  737  aircraft  and  0.24g  for  the  twin-jet  aircraft. 

The  probability  of  airspeeds  being  less  than  a  given  value  during 
737  aircraft  landings  is  shown  in  Figure  12b.  The  mean  indicated 
airspeed  at  touchdown  was  113  knots.  As  shown  in  Figure  12c,  the 
corresponding  stall  margin  distribution  has  a  mean  of  1.20.  The 
pitch  attitude  at  touchdown  varied  from  0  to  10  degrees  and  had 
a  mean  value  of  2.7  degrees. 

7.5  Taxi  Data 


Grouped  in  this  section  are  several  types  of  ground  data 
representing  all  preflight  operation  up  to  liftoff  and  all  post¬ 
flight  operation  from  touchdown  to  parking.  Although  presented 
above,  the  vertical  accelerations  at  touchdown  are  also  included 
in  the  landing  rollout  phase  of  taxi  operation. 

The  times  from  touchdown  to  the  initiation  of  thrust  reverse 
(as  indicated  by  increasing  engine  N2  rpm)  are  distributed  in 
Figure  13.  The  mean  time  to  thrust  reverse  is  8.01  seconds,  with 
95  percent  of  the  thrust  reverses  between  4  and  12  seconds  after 
touchdown.  As  shown  in  Figure  14,  the  mean  rpm  level  reached 
during  thrust  reverse  was  84  percent. 

The  times  from  touchdown  to  first  wheel  brake  application 
and  the  indicated  airspeeds  at  this  application  are  presented 
in  Figures  15  and  16.  The  mean  time  from  touchdown  to  wheel 
brake  application  was  7  seconds  at  a  mean  indicated  airspeed  of 
103  knots.  The  distribution  of  times  indicate  an  early  brake 
application  on  most  landings,  but  on  9  percent  of  the  landings 
no  brakes  were  applied  until  after  14  seconds. 

To  indicate  typical  deceleration  during  landing  rollout,  time 
histories  of  the  ground  track,  taxi  speed,  and  deceleration  were 
plotted  for  nine  arrivals  at  Atlanta.  The  ground  track  was 
determined  by  integrating  taxi  speed  to  compute  taxi  distance 
and  by  plotting  distance  versus  heading.  Minor  adjustments 
were  made  to  the  touchdown  point  to  align  the  ground  track  with 
one  of  the  taxi  exits  from  the  runway.  Taxi  speeds  above  65 
knots  were  computed  by  subtracting  the  headwind  velocity  from 
indicated  airspeed.  The  deceleration  was  computed  by  differ¬ 
entiating  taxi  speed  with  respect  to  time,  and  a  smooth  curve 
was  drawn  through  the  calculated  deceleration  points.  Figure  17 
presents  this  time  history  data  for  landings  on  Runways  09R,  09L, 
27R,  and  27L.  As  shown,  the  aircraft  used  several  taxi  routes  to 
the  parking  area  depending  on  the  taxi  exit  from  the  runway. 

The  short  landing  rollout  described  in  Section  7.1  is  shown  in 
Figure  17b.  The  peak  longitudinal  deceleration  during  rollout 
was  normally  between  -0.2g  and  -0.37g;  however,  the  short  landing 
rollout  reached  a  peak  value  of  -0.4g.  The  times  of  ground  spoil¬ 
er  extension,  wheel  brake  application,  and  thrust  reverse  are  in¬ 
dicated  on  the  graphs  . 
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The  average  runway  occupancy  times  for  each  runway  were  de¬ 
termined  by  dividing  the  total  times  in  takeoff  roll  and  landing 
roll  by  the  number  of  takeoffs  and  number  of  landings,  respective¬ 
ly.  The  results  are  listed  in  Table  9.  Then  average  longitudinal 
decelerations  during  landings  were  determined  by  dividing  the  dif¬ 
ference  between  the  average  touchdown  groundspeed  (airspeed  minus 
average  wind  speed)  and  the  average  turnoff  speed  by  the  average 
runway  occupancy  times.  The  average  longitudinal  accelerations 
during  takeoff  were  computed  similarly  with  the  assumption  that 
the  aircraft  taxied  into  position  and  stopped  prior  to  the  take¬ 
off  roll.  Average  departure  runway  occupancy  times  for  various 
runways  ranged  from  26  seconds  to  59  seconds,  with  the  overall 
average  being  33  seconds.  Average  arrival  runway  occupancy  times 
for  the  various  runways  ranged  from  24  seconds  to  70  seconds,  with 
an  overall  average  of  32  seconds.  The  longer  runv/ay  occupancy 
times  were  the  result  of  holding  during  departures  and  of  airport 
arrangement  requiring  extended  taxiing  on  the  runv/ay  during  arrivals. 
Since  the  average  accelerations  were  based  on  runway  occupancy  times, 
the  lower  numbers  do  not  represent  the  acceleration  capability  of 
the  aircraft  or  the  peak  values  recorded.  These  lower  accelerations 
occurred  at  only  a  few  runways,  and  the  overall  average  accelerations 
adequately  represent  the  overall  737  operation. 

Figure  18  presents  a  distribution  of  the  percentage  of  time 
in  taxi  speed  intervals  for  preflight  taxi,  takeoff  roll,  land¬ 
ing  roll,  postflight  taxi,  and  for  a  composite  of  all  ground 
‘operations. 

The  distributions  of  the  number  of  turns  per  departure  and 
per  arrival  for  each  runway  are  listed  in  Table  10.  From  two  to 
four  turns  per  flight  is  normal  with  some  flights  having  nine  or 
more  turns,  the  highest  being  11  turns  in  a  preflight  taxi.  The 
average  number  of  turns  per  flight  is  3.9  for  preflight  taxi  and 
3.3  for  postflight  taxi. 

A  joint  distribution  of  taxi  speed  at  the  start  of  each  turn 
and  heading  change  is  plotted  in  Figure  19.  In  most  of  the  turns 
with  initial  taxi  speeds  above  20  knots,  the  taxi  speed  fell  off 
rapidly  before  a  large  heading  change  was  made.  The  180-  and  210- 
degree  turns  were  performed  during  parking  and  during  turns  be¬ 
tween  the  runway  and  a  parallel  taxiway.  Consecutive  turns  were 
not  separated  unless  they  were  in  opposite  directions  or  were 
separated  by  a  straight-ahead  taxi  of  5  or  more  seconds  duration. 

Lateral  accelerations  at  the  aircraft  c.g.  during  turns 
are  plotted  ver^v..-  taxi  speed  in  Figure  20  and  versus  heading 
change  in  Figure  Z1 .  In  general,  c.g.  lateral  accelerations  were 
higher  during  'rns  at  higher  taxi  speeds  and  did  not  vary  much 
with  heading  ct>:r>ge  for  turns  of  more  than  30  degrees  left  or 
right . 

Acceleration  peaks  experienced  during  ground  operation  are 
presented  in  Figures  22,  23,  and  24  for  c.g.  vertical  acceleration, 
c.g.  lateral  acceleration,  and  cockpit  lateral  acceleration, 


respectively.  These  figures  present  for  each  taxi  phase  the 
cumulative  frequency  of  incremental  acceleration  peaks  per  1000 
flights.  To  obtain  these  values,  it  was  assumed  that  accelera¬ 
tions  are  symmetrical  during  ground  operation,  and  therefore 
the  frequencies  of  occurrence  of  positive  peaks  and  negative 
peaks  were  averaged.  Figure  22  shows  that  vertical  accelerations 
were  most  severe  during  landing  roll.  During  takeoff  roll  the 
vertical  accelerations  at  levels  below  0.3g  were  encountered 
about  70  percent  as  frequently  as  during  landing  roll,  but  the 
frequency  falls  off  rapidly  above  0.3g.  The  taxi  phases  contri¬ 
buted  less  than  10  percent  of  the  peaks  at  all  levels  above  0.2g. 
Figures  23  and  24  indicate  that  the  significant  c.g.  and  cockpit 
lateral  accelerations  were  recorded  during  landing  roll.  The 
large  peaks  were  recorded  during  or  shortly  after  touchdown  and 
were  probably  the  result  of  crosswind  landings. 

The  acceleration  data  during  ground  operation  was  also  plotted 
versus  taxi  speed  in  Figures  25,  26?  and  27.  All  peaks  at  taxi 
speeds  above  65  knots  were  grouped  in  a  single  interval  because 
the  taxi  speed  transducer  range  was  0  to  65  knots.  The  largest 
accelerations  were  at  taxi  speeds  above  6L  knots.  However,  some 
significant  peaks  were  recorded  in  the  taxi  speed  intervals  be¬ 
tween  15  and  40  knots. 

7 . 6  Flight  Data  for  Control  Surfaces  and  Deployable  Equipment 

The  recorded  data  for  each  flight  was  divided  into  ascent, 
cruise,  and  descent  phases.  To  further  group  the  data  by  air¬ 
speed,  the  ascent  phase  was  divided  into  one  segment  extending 
from  liftoff  to  2  minutes  after  liftoff,  and  a  second  segment 
spanning  the  remainder  of  ascent.  The  descent  phase  was  also 
divided  into  two  segments  separated  at  2  minutes  before  touch¬ 
down.  For  each  recorded  flight  segment,  the  maximum  deflection 
of  each  control  surface  in  both  directions  was  associated  with 
the  airspeed  and  dynamic  pressure  at  that  time.  Composite  plots 
of  these  maximum  control  deflections  versus  dynamic  pressure  are 
shown  in  Figure  28.  An  envelope  which  contains  99.7  percent  (3o) 
of  the  deflections  in  each  airspeed  interval  was  also  plotted 
on  each  graph. 


Figure  28a  indicates  a  symmetrical  envelope  of  aileron  con¬ 
trol  deflections  with  decreasing  deflection  magnitudes  at  the 
higher  dynamic  pressures.  The  elevator  control  deflection  plot 
in  Figure  28b  indicates  the  large  up  deflections  required  at 
the  low  takeoff  and  landing  speeds  and  the  small  down  deflections 
associated  with  high  cruise  speeds.  Because  of  the  low  rudder 
deflections,  the  scale  was  expanded  in  Figure  28c.  The  rudder 
deflections  were  normall)  symmetrical  and  were  much  smaller  at 
high  airspeeds.  The  stabli^er  deflections  in  Figure  28d  were 
those  required  for  trim  in  each  dynamic  pressure  interval. 

The  probabilities  of  exceeding  each  level  of  airspeed  and 
dynamic  pressure  at  the  eight  flap  settings  are  presented  in 
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Figure  29.  A  separate  graph  for  each  flap  setting  contains  a 
curve  for  data  recorded  during  extension  of  the  flaps  and  a 
curve  for  data  recorded  during  retraction  of  the  flaps.  The 
flap  placard  airspeed  is  indicated  for  each  flap  setting.  The 
probability  of  exceeding  the  placard  airspeed  was  about  0.001, 
or  1  in  1000,  at  each  flap  setting. 

Dynamic  pressures  at  landing  gear  extension  are  shown  in 
Figure  30.  The  probability  of  exceeding  each  level  of  dynamic 
pressure  is  compared  with  the  landing  gear  operating  limit. 

The  probability  of  exceeding  the  limit  is  about  0.0005,  or  1  in 

2000. 

7.7  VGH  Data 

For  flight  in  each  altitude  interval,  the  percentage  of 
flight  time  spent  in  turbulence  is  plotted  in  Figure  31  for 
the  current  data,  for  737  data  from  Reference  1,  for  the  com¬ 
posite  of  all  737  data,  for  the  twin-jet  data  in  Reference  9, 
and  for  the  design  criteria  data  from  NACA  TN  4332  (Reference 
8) .  The  amount  of  737  data  in  the  altitude  intervals  above 
30,000  feet  did  not  warrant  consideration  in  this  figure.  Com¬ 
parison  of  the  data  from  the  different  sources  shows  that  the 
737  aircraft  experiences  more  time  in  turbulence  than  the  other 
aircraft.  This  is  a  result  of  the  short-haul  operations  cf  the 
737  aircraft  which  forces  the  aircraft  to  operate  at  low  alti¬ 
tudes  in  rough  air  when  aircraft  flying  longer  routes  could 
operate  above  the  rough  air.  Comparison  of  the  two  sources  of 
737  data  indicate  that  the  Reference  1  data  which  was  recorded 
mostly  in  the  summer  and  fall  contained  more  time  in  turbulence 
than  the  current  data  which  was  recorded  during  winter  and  early 
spring. 

The  recorded  c.g.  vertical  acceleration  peaks  were  placed  in 
two  categories- -turbulence-induced  and  maneuver-induced.  As  shown 
in  Figure  32,  the  turbulence  neaks  were  encountered  10  times  as 
frequently  as  the  maneuver  peaks.  The  acceleration  peaks,  classi¬ 
fied  by  flight  phase,  are  presented  in  Figure  33.  During  ascent 
and  descent,  the  aircraft  had  roughly  equal  acceleration  peak 
distributions;  and  during  cruise,  the  acceleration  peak  frequency 
was  about  half  that  for  ascent  and  descent.  Composite  curves 
showing  the  cumulative  frequency  per  1000  flight  hours  are  pre¬ 
sented  in  Figure  34  for  737,  797,  727,  and  twin-jet  (Reference  9) 
aircraft.  The  acceleration  peak  spectrum  of  the  737  aircraft  is 
the  most  severe  because  of  its  relatively  low-altitude  type  of 
operation . 

The  current  VGH  data  was  combined  with  the  earlier  737  data 
from  .Reference  1  for  presentation  in  Tables  11  through  15.  Tables 
11,  12,  13,  and  14  list  c.g.  acceleration  peaks  in  intervals  of 
.  ormal  load  factor  nz  and  coincident  airspeed,  altitude,  and 
weight  intervals  and  flight  phases,  respectively.  Table  15  pre¬ 
sents  a  d.' stribution  of  normal  load  factors  for  maneuvers  and  tur¬ 
bulence  in  each  altitude  interval. 
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8. 


SUMMARY"  :'.vn  CONCLUSIONS 


(1)  Airborne  equipment  recording  ILS  deviation  data  provides 
approach  information  comparable  with  that  obtained  from 
ground-based  approach  radar.  The  usable  range  of  the  ILS 
deviation  data  is  about  ±0.7  degrees  about  the  glide  slope 
centerline  and  ±5  degrees  about  the  localizer  centerline. 

(2)  Between  the  outer  marker  and  threshold,  the  recorded  IFR 
approaches  by  the  737  aircraft  were  flown  with  the  same 
lateral  precision  as  earlier  simultaneous  IFR  approaches 

by  several  types  of  aircraft  to  parallel  runways.  In  terms 
of  localizer  needle  deflection,  the  maximum  localizer  over¬ 
shoot  during  initial  localizer  intercept  is  only  half  as 
great  during  the  simultaneous  IFR  parallel  approaches  (Ref¬ 
erence  6)  as  during  normal  IFR  approaches  of  the  737  aircraft. 

(3)  The  ILS  and  airspeed  data  confirmed  that  longer,  more  stable 
final  approaches  were  made  during  IFR  approaches  than  during 
VFR  approaches . 

(4)  For  ground  operations,  the  highest  c.g.  accelerations,  l.lg 
in  the  vertical  direction  and  0.6g  in  the  lateral  direction, 
were  recorded  during  touchdown.  The  cockpit  lateral  acceler¬ 
ation  reached  0.8g  during  one  landing. 

(5)  Turns  during  taxi  did  not  produce  c.g.  lateral  accelerations 
above  0.3g. 

(6)  During  recorded  arrivals  the  average  runway  occupancy  time 
was  32  seconds,  and  the  average  deceleration  was  estimated  at 
0.16g.  During  departures  the  average  runway  occupancy  time  was 
53  seconds  and  the  average  acceleration  was  0.20g.  These  values 
vaiied  significantly  from  airport  to  airport  and  from  run- 

wa>  to  runway. 

(7)  Wheel  brakes  were  normally  applied  within  6  seconds  after 
touchdown  and  thrust  reverse  at  about  8  seconds  after 
touchdown. 

(8)  No  unusually  large  control  deflections  were  recorded  at 
any  level  of  dynamic  pressure. 

(9)  The  recorded  flap  versus  airspeed  data  indicates  that  the 
737  aircraft  exceeded  its  flap  placard  speed  at  e,*ch  flap 
setting  at  a  rate  of  about  once  per  thousand  landings. 

(10)  The  pe.oentage  of  737  aircraft  tine  in  turbulence  was  lower 
for  the  current  winter-spring  recording  period  than  for  the 
earlier  summer-fall  recording  period. 
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APPENDIX  I 


FIGURES  AND  TABLES  FOR  737  DATA 
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Figure  5.  Localizer  and  Glide  Slope  Deviations  During  IFR 
Approaches 
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Figure  8.  Probability  of  Exceeding  a  Localizer  Deviation  Level 
at  Maximum  Localizer  Overshoot 
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TABLE  4.  LOCALIZER  DEVIATIONS  DURING  APPROACHES 
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39 

14 

3 

2 

2 

7 

1 

5 

109 

0.93 

95,52 

12000 

FT 

3 

2 

1 

3 

2 

5 

2 

14 

41 

16 

6 

3 

1 

6 

6 

111 

14.00 

11.38 

10000 

FT 

3 

1 

6 

3 

21 

43 

16 

3 

3 

1 

1 

3 

1 

« 

113 

20,70 

69.60 

8000 

FT 

2 

1 

1 

2 

1 

2 

17 

53 

20 

5 

1 

l 

l 

f» 

2 

113 

16.13 

38,96 

•  6000 

FT 

2 

2 

1 

1 

16 

62 

10 

4 

1 

3 

2 

112 

13.60 

47,74 

*000 

FT 

1 

2 

1 

11 

74 

16 

* 

3 

2 

114 

13.28 

30.80 

M  MARK 

3 

1 

12 

76 

14 

2 

1 

3 

2 

114 

13v4* 

33.84 

2000 

FT 

3 

1 

1 

8 

74 

10 

3 

4 

2 

114 

17.39 

56.17 

THRESHED 

* 

1 

* 

1 

* 

3 

10 

69 

14 

3 

l 

114 

-4.07 

57.11 

TOUCMD* 

3 

1 

* 

3 

3 

2 

* 

10 

71 

12 

l 

11* 

-7 

34,18 

26 


TABLE  4  -  Concluded 


(c)  IFR  Training  Approaches 


BELOM-200-175«»l30-i23-100  -75  -50 


DIST  TO  THPESwlD 

MAX  LOC 

50000 

FT 

*8000 

FT 

*6000 

FT 

**000 

FT 

*2000 

FT 

*0000 

FT 

38000 

FT 

36000 

FT 

3*000 

FT 

32000 

FT 

0  MARX 

30000 

FT 

28000 

FT 

26000 

FT 

2*000 

FT 

22000 

FT 

20000 

FT 

18000 

FT 

16000 

FT 

1*000 

FT 

12000 

FT 

10000 

FT 

8000 

FT 

600C 

FT 

*000 

FT 

M  MARK 

2000 

FT 

THRESHlO 

TOUCHDN 


LOCALIZES  DEVIATION 
MICS0AHP5 

-25  0  25  50  75  100  125  150  175  200 


TOTAL 


mean 

SIGMA 

•30*00 

l*.l* 

53*37 

9**18 

50.37 

9*.S8 

*3.37 

88*68 

3**00 

75*05 

25*37 

65*2* 

19*50 

*0*52 

9.87 

21.93 

*.75 

25.60 

•  12 

23*16 

1.75 

18.*7 

6*87 

21*93 

.75 

12.** 

*•62 

1**29 

9.00 

20**9 

6.50 

20*99 

—75 

1**75 

•3*75 

15*13 

-2*87 

15*1* 

—•62 

l*.*3 

•*•12 

17,11 

3*12 

15*12 

2.37 

17**3 

5.00 

17.67 

5*62 

:6*60 

7.12 

17.25 

8.62 

13,5* 

8.12 

12.75 

17.12 

15.7* 

18.75 

5.67 

TABLE  5.  GLIDE  SLOPE  DEVIATIONS  DURING  APPROACHES 


(a)  IFR  Approaches 

glide  slope  deviation 

MICROAMPS 


BELOW-1 50-1 25- ' 

:o  o 

-75 

-50 

-25 

0 

25 

50 

7* 

100 

125 

150 

total 

MEAN 

5IGMA 

r  to  tmresmlo 

MAX  LOC 

1 

3 

3 

1 

* 

1 

2 

1 

9 

25 

85.52 

68.91 

5C000  FT 

1 

3 

3 

1 

l 

1 

1 

6 

13 

30 

101.23 

79.23 

*6000  FT 

* 

1 

2 

1 

3 

5 

13 

29 

109.58 

63.0* 

*6000  FT 

3 

* 

1 

1 

5 

* 

12 

30 

106.76 

63.82 

**000  FT 

3 

* 

l 

1 

2 

3 

5 

11 

30 

101.93 

6*.0* 

*2000  FT 

1 

3 

3 

2 

1 

8 

2 

10 

30 

>.'6.90 

65.39 

*0000  FT 

5 

2 

3 

2 

5 

5 

§ 

30 

92.70 

63.88 

38000  FT 

7 

* 

1 

* 

6 

1 

8 

31 

79.83 

63.60 

36000  FT 

2 

6 

3 

2 

5 

3 

2 

2 

7 

32 

68*13 

65.8$ 

3*000  M 

2 

8 

3 

5 

* 

2 

3 

7 

3* 

36.88 

65.75 

32000  FT 

* 

7 

* 

7 

2 

2 

1 

2 

X 

3* 

*7.50 

65.32 

0  MARX 

i 

3 

* 

6 

10 

5 

3 

1 

1 

3* 

5.*1 

*3.26 

30000  FT 

1 

3 

10 

5 

2 

* 

2 

2 

2 

3 

3* 

37.32 

63.80 

28000  FT 

2 

6 

7 

6 

2 

* 

2 

2 

3 

3* 

23.17 

57.86 

26000  FT 

i 

1 

5 

8 

6 

* 

5 

3 

1 

3* 

13.61 

*7,31 

2*000  F 

* 

5 

6 

9 

* 

2 

2 

2 

3* 

8.1* 

*9,26 

22000  FT 

1 

* 

6 

7 

7 

* 

2 

1 

2 

3* 

•1.05 

*9,50 

20000  FT 

1 

3 

3 

3 

12 

6 

1 

1 

3 

1 

3* 

•  3.** 

33,28 

18000  FT 

1  1 

3 

5 

9 

7 

* 

1 

2 

l 

3* 

-2.91 

56.22 

16000  FT 

1  1 

1 

8 

5 

11 

3 

2 

1 

1 

3* 

-3.9* 

55.22 

1*000  FT 

1 

2 

6 

10 

6 

5 

3 

2 

33 

•  60 

*9,79 

12000  FT 

2 

2 

5 

6 

10 

2 

3 

3 

35 

*.22 

*9.8* 

10000  FT 

1 

2 

3 

13 

5 

6 

2 

1 

2 

33 

9.97 

**.66 

8000  FT 

1 

3 

* 

7 

9 

5 

2 

2 

2 

35 

10.97 

*9.8* 

6000  FT 

1 

2 

5 

11 

7 

3 

2 

1 

3 

33 

6. *2 

50.05 

*000  FT 

1  1 

1 

2 

* 

7 

2 

3 

7 

1 

3 

2 

1 

35 

20*00 

75.81 

h  MARX 

1 

2 

2 

* 

5 

9 

3 

* 

2 

3 

33 

27.31 

73.76 

2000  FT 

1  1  2 

1 

* 

1 

3 

2 

2 

1 

2 

7 

* 

* 

35 

39.1* 

96,39 

TMRfSMLD 

5  2 

l 

2 

1 

1 

2 

3 

2 

16 

35 

62.68 

123.62 

T OUC MON 

2  2  1 

2 

3 

2 

1 

3 

1 

2 

15 

3* 

56.6* 

;19,19 

27 


TABLE  5 


Concluded 


(b)  VFR  Approaches 

at! DC  SLOW  DCVUTION 
microanps 


BELOW- 

130- 

125- 

too 

•73 

•30 

-23 

0 

25 

30 

73 

100 

125 

150 

TOTAL 

MEAN 

SIGMA 

a 

s? 

UJ 

5 

O 

MAX  LOC 

2 

4 

1 

l 

3 

1 

3 

1 

1 

l 

3 

25 

4,20 

112.43 

30000  FT 

6 

6 

4 

1 

1 

3 

3 

3 

3 

3 

4 

11 

37 

12.10 

115.71 

48000  FT 

6 

3 

2 

3 

1 

3 

4 

4 

2 

1 

5 

3 

3 

10 

54 

11.63 

112.40 

46000  FT 

3 

3 

2 

2 

4 

2 

3 

3 

3 

3 

3 

2 

3 

10 

34 

14.74 

107.21 

44000  FT 

6 

5 

3 

3 

1 

4 

3 

1 

7 

3 

3 

3 

1 

10 

41 

13.37 

107.41 

4?000  FT 

3 

4 

1 

4 

3 

3 

2 

2 

5 

7 

• 

2 

4 

7 

61 

12.55 

103.45 

40000  FT 

4 

4 

2 

4 

3 

4 

2 

4 

6 

4 

• 

2 

4 

4 

41 

13.49 

103.01 

38000  FT 

3 

7 

2 

2 

3 

3 

4 

4 

4 

• 

3 

2 

9 

42 

15.32 

104,16 

36000  FT 

7 

6 

2 

1 

7 

4 

4 

7 

1 

9 

3 

3 

4 

42 

4,34 

104,40 

34000  FT 

9 

3 

2 

2 

3 

I 

7 

3 

1 

7 

3 

4 

3 

63 

•3.25 

102.94 

’•*000  FT 

11 

3 

2 

2 

6 

4 

9 

7 

1 

7 

3 

1 

3 

43 

•10,47 

94.03 

0  HARK 

11 

3 

1 

6 

2 

4 

4 

7 

11 

3 

S 

2 

1 

3 

44 

•14.53 

95,41 

30000  FT 

10 

6 

1 

2 

4 

4 

3 

7 

4 

2 

4 

3 

3 

3 

44 

•13.42 

100.25 

28000  FT 

10 

6 

l 

3 

3 

3 

4 

4 

10 

1 

6 

3 

l 

2 

43 

•22.10 

93.42 

26000  FT 

10 

4 

7 

2 

4 

10 

4 

12 

2 

3 

2 

2 

2 

46 

-19,37 

91.59 

24000  FT 

10 

3 

4 

4 

9 

• 

10 

3 

3 

1 

1 

3 

44 

•19,43 

91,70 

22000  FT 

4 

3 

2 

1 

3 

4 

11 

3 

12 

4 

4 

3 

4 

64 

•11*03 

90.49 

20000  FT 

9 

4 

1 

4 

4 

« 

6 

3 

12 

3 

7 

3 

3 

44 

-13.07 

90.43 

18000  FT 

7 

7 

2 

6 

4 

6 

8 

3 

10 

4 

4 

1 

2 

44 

-22.26 

•4,43 

16000  FT 

3 

7 

3 

3 

4 

8 

8 

8 

9 

2 

4 

2 

3 

64 

•  14.30 

•  3.39 

14000  FT 

6 

4 

1 

6 

4 

10 

7 

8 

8 

4 

3 

3 

3 

49 

-13.30 

43.79 

12000  FT 

4 

2 

3 

3 

3 

10 

9 

10 

10 

3 

3 

2 

2 

3 

71 

•05 

74.31 

10000  FT 

3 

3 

1 

6 

3 

9 

6 

9 

6 

4 

10 

1 

2 

4 

73 

4.17 

41.44 

8000  FT 

3 

1 

6 

3 

10 

11 

7 

7 

3 

4 

3 

2 

3 

73 

11.93 

74.92 

6000  FT 

1 

2 

2 

4 

8 

14 

6 

12 

3 

9 

3 

3 

4 

73 

24,49 

72.44 

4000  FT 

1 

l 

3 

1 

3 

4 

7 

9 

13 

6 

7 

4 

11 

74 

33,34 

74,31 

M  MARK 

1 

1 

1 

2 

4 

10 

11 

8 

4 

11 

4 

3 

10 

74 

49.94 

72,30 

2000  FT 

1 

1 

2 

1 

4 

4 

10 

4 

8 

9 

4 

20 

74 

74.04 

74.24 

THRESHLD 

3 

1 

1 

2 

1 

2 

2 

4 

7 

4 

3 

1 

3 

34 

74 

45.43 

94,19 

OUCHON 

4 

2 

4 

3 

3 

6 

3 

6 

3 

7 

3 

2 

24 

74 

53.94 

104.14 

(c)  IFR  Training  Approaches 


D1ST  TO  THRESHLD 
MAX  LOC 
30000  FT 
*3000  FT 
46000  FT 
44000  FT 
42000  FT 
40000  FT 
53000  FT 
36000  FT 
34000  FT 
32000  FT 
0  HARK 
30000  FT 
23000  FT 
26000  FT 
24000  FT 
22000  FT 
20000  FT 
18000  FT 
16000  FT 
14000  FT 
12000  FT 
10000  FT 
8000  FT 
6000  FT 
4000  FT 
M  MARK 


BELOW- 13 0-1 23-10^ 


l 

1 


2000  FT  l 

THRESHLD  3  2 

TOUCMON 


•73 


2 


3 

2 


-30 


2 


3 


-23 


OLIOE  SLOPE  DEVIATION 
MICROAMPS 

0  23  30  73  100  123  130 

2 

1  2  3 

3  1  4 

2  2  4 

1  A  3 

3  2  3 

12  2  3 

112  13 

11  3  2  1 

1  114  1 

112  13 

2 

1  13 

1  2  2 

2  3 

1  1 


1 


3 


l 


l 

1 


TOTAL 


MEAN 


SIGMA 


119.00  .00 

143.17  14.70 

140.00  19.14 

143.37  17.35 

142.47  14.96 

136.23  19.97 

131.47  24.38 

121.87  34.23 

110.37  36.66 

96.00  44.67 

•1.37  30.41 

-23.30  33.51 

35.30  49.38 

27,73  33.37 

•2.30  44.26 

-14,12  17,57 

•39.47  31.43 

•44.87  27,32 

•41,23  29,44 

•34.25  19.53 

•23.47  20.94 

-30.73  20.31 

•21.47  23,27 

•13.30  31,41 

-24.62  12.11 

•14.00  14.44 

•47,47  13,00 

•36.62  34.19 

•104.30  109,14 

7,73  44,45 


28 


TABLE  6.  BANK  ANGLES  DURING  APPROACHES 


(a)  IFR  Approaches 


BANK  ANGLE 
0EGREE5 


below 

-20 

-15 

-10 

-5 

0 

•> 

10 

13 

20 

TOTAL 

MEAN 

S1GHA 

DIST  TO  TWaESMLD 

MAX  LOC 

4 

1 

1 

1 

8 

1 

4 

1 

5 

26 

3.30 

17.57 

50000  FT 

6 

2 

2 

5 

11 

1 

1 

3 

3 

34 

•  1.29 

15.47 

48000  FT 

5 

1 

1 

1 

4 

15 

2 

1 

1 

2 

33 

•  U51 

13.33 

46000  FT 

2 

2 

1 

10 

:o 

2 

2 

2 

3 

34 

.50 

12.79 

44000  FT 

2 

1 

1 

3 

6 

u 

3 

3 

1 

3 

34 

1.50 

12.58 

42000  FT 

2 

4 

3 

15 

3 

3 

1 

33 

•  43 

10.45 

40000  FT 

2 

2 

3 

15 

5 

f 

2 

34 

2.76 

9.42 

38000  FT 

1 

1 

4 

3 

13 

6 

* 

2 

2 

34 

1.82 

13.90 

36000  FT 

1 

T 

2 

18 

5 

+ 

2 

2 

35 

3.88 

9.25 

34000  FT 

2 

2 

16 

12 

2 

2 

36 

5.22 

7.14 

32000  FT 

3 

4 

16 

10 

2 

1 

36 

3.25 

6.42 

0  HARK 

1 

2 

4 

22 

5 

1 

1 

16 

1.44 

5.30 

30000  FT 

1 

3 

2 

18 

11 

1 

36 

2.00 

4.93 

28000  FT 

1 

4 

4 

22 

4 

1 

36 

.91 

5.12 

26000  FT 

2 

6 

21 

5 

i 

1 

36 

2.27 

4.78 

24000  FT 

1 

4 

24 

5 

1 

1 

36 

1.88 

4.45 

22000  FT 

1 

T 

23 

4 

1 

36 

1.44 

4.44 

20000  FT 

2 

7 

21 

5 

\ 

36 

2.02 

4.15 

18000  FT 

1 

2 

26 

5 

2 

l 

37 

2.89 

4.35 

16000  FT 

5 

27 

5 

37 

2.32 

2.66 

14000  FT 

6 

24 

6 

1 

1 

31 

2.45 

4.01 

12000  FT 

1 

7 

23 

6 

1 

38 

2.02 

3.84 

10000  FT 

1 

8 

27 

2 

38 

.94 

3.05 

1000  FT 

l 

1 

4 

26 

5 

1 

38 

1.84 

4.29 

6000  FT 

5 

26 

6 

l 

38 

2.18 

3.68 

4000  FT 

1 

5 

28 

4 

38 

1.13 

3.33 

N  M*RK 

6 

27 

4 

1 

38 

1.44 

2.94 

2000  FT 

1 

6 

29 

2 

38 

.34 

4.58 

THflESHLD 

1 

3 

32 

1 

1 

38 

.89 

5.11 

TOUCHDN 

2 

33 

2 

37 

1.21 

1.93 

(b)  VFR  Approaches 


BANK  AN€L* 
OEWEES 


BELOW 

-20 

•15 

*10 

•  5 

0 

5 

10 

15 

20 

TOTAL 

MEAN 

sigma 

DIST  TO  THAE5WL0 

MAX  LOC 

3 

2 

3 

7 

4 

10 

2 

3 

2 

38 

-1.31 

13.75 

50000  FT 

1 

1 

3 

12 

51 

6 

4 

3 

3 

84 

2.30 

7.07 

48000  FT 

1 

l 

5 

7 

57 

3 

2 

7 

85 

2.60 

8.06 

46000  FT 

1 

1 

2 

11 

58 

5 

3 

4 

85 

2.38 

7.22 

44000  FT 

1 

4 

10 

56 

9 

3 

4 

87 

2.51 

6.26 

42000  FT 

1 

1 

3 

8 

67 

2 

3 

2 

87 

1.64 

5.61 

40000  FT 

1 

6 

12 

57 

7 

2 

2 

87 

1.37 

3.80 

38000  FT 

1 

2 

16 

38 

5 

2 

1 

4 

89 

1.69 

6.89 

36000  FT 

3 

1 

5 

9 

62 

4 

1 

2 

2 

89 

•  65 

7.48 

34000  FT 

3 

1 

6 

13 

60 

5 

2 

1 

91 

•  13 

6.88 

32000  FT 

3 

7 

13 

36 

6 

3 

1 

91 

.60 

6.56 

0  MARK 

4 

1 

2 

2 

IT 

54 

8 

3 

2 

1 

94 

•  22 

7.62 

30000  FT 

1 

5 

2 

9 

11 

36 

6 

6 

92 

—  15 

7.03 

28000  FT 

3 

1 

3 

4 

14 

53 

9 

1 

3 

93 

-.18 

7.06 

26000  FT 

1 

3 

2 

4 

12 

57 

6 

6 

3 

94 

.53 

7.09 

24000  FT 

2 

4 

6 

13 

55 

6 

4 

1 

3 

94 

.68 

7.33 

22000  FT 

2 

2 

2 

3 

13 

34 

9 

2 

3 

2 

94 

1.20 

7.78 

20000  FT 

2 

3 

t 

6 

10 

52 

10 

3 

5 

«. 

96 

1.83 

8.76 

18000  FT 

2 

2 

5 

3 

11 

57 

7 

3 

3 

3 

96 

1.31 

8.22 

16000  FT 

2 

3 

2 

3 

11 

62 

7 

2 

1 

3 

96 

•  56 

8.14 

14000  FT 

2 

3 

2 

4 

10 

61 

9 

2 

2 

1 

96 

•  56 

7.47 

12000  FT 

2 

4 

4 

13 

64 

7 

1 

2 

1 

98 

.73 

5.93 

10000  FT 

1 

2 

12 

73 

8 

1 

1 

2 

100 

1.57 

3.34 

8000  FT 

l 

1 

2 

2 

11 

72 

7 

2 

1 

1 

100 

1.10 

3.41 

6000  FT 

3 

9 

81 

5 

1 

99 

1.24 

3.29 

4000  FT 

11 

81 

9 

101 

1.39 

2.24 

H  MARK 

15 

84 

2 

101 

1.00 

1.94 

2000  FT 

13 

86 

2 

101 

•  91 

1.84 

THRE5HL0 

10 

90 

1 

101 

•  98 

1.67 

TOUCHDN 

11 

89 

1 

101 

.72 

1.49 

29 


TABLE  6  -  Concluded 
(c)  IFR  Training  Approaches 


BELOW 

-20 

-15 

-10 

-5 

0 

3 

10 

13  20 

TOTAL  MEAN 

SIGMA 

DIST  TO  THRES*LO 

WAX  LOC 

1 

l 

2  -17.00 

7.07 

50000  AT 

1 

1 

1 

1 

5 

1 

8  -7.12 

10.43 

*8000  FT 

3 

* 

1 

8  -7.00 

12.83 

*6000  FT 

1 

1 

1 

1 

3 

1 

8  -3.23 

10.33 

**000  FT 

1 

1 

3 

2 

l 

•  -3.00 

11.04 

*2000  FT 

1 

2 

5 

8  -3.50 

10.51 

*0000  FT 

1 

6 

1 

•  .87 

3.60 

38000  FT 

1 

2 

3 

1 

1 

8  -1.12 

13.85 

3*000  FT 

1 

2 

3 

2 

•  1.12 

8.34 

3*000  FT 

1 

1 

5 

1 

•  -.12 

4.70 

32000  FT 

1 

I 

6 

•  -.87 

6.18 

0  HARK 

T 

1 

8  2.12 

3.54 

10000  FT 

1 

7 

8  1.30 

2.32 

28000  FT 

1 

T 

8  .37 

3.62 

26000  FT 

1 

3 

1 

1 

8  2*23 

4.30 

2*000  FT 

T 

1 

8  2.12 

3.36 

22000  FT 

1 

7 

8  .87 

1.33 

20000  FT 

1 

2 

3 

8  -.50 

3.66 

18000  FT 

2 

6 

8  ‘.SO 

2.32 

16000  FT 

2 

3 

1 

8  .87 

2.94 

1*000  FT 

2 

3 

1 

8  1.12 

3.04 

12000  FT 

1 

6 

1 

8  1.30 

2.*7 

10000  FT 

8 

8  1.00 

1.41 

8000  FT 

1 

7 

8  1.12 

2.41 

6000  FT 

1 

7 

8  .87 

2.29 

*000  FT 

1 

1 

6 

8  -.25 

3.13 

H  MARX 

2 

6 

8  .87 

3.22 

2000  FT 

2 

6 

8  1.30 

2.36 

TMRESHLO 

3 

3 

8  3.12 

3.13 

TOUCMDN 

4 

4  1.73 

1.23 

TABLE  7.  INDICATED  AIRSPEEDS  DURING  APPROACHES 
(a)  7FR  Approaches 


AIR  SPEED 
KN0T5 


BELOW 

90  100 

110 

120 

130 

140 

130 

160 

170 

180 

190 

o 

o 

N 

210 

220  230 

240  230 

TOTAL 

MEAN 

SIGMA 

DIST  TO  THRES*LD 

MAX  LOC 

1 

1 

3 

10 

4 

3 

2 

2 

1 

1 

1  1 

l 

31 

162.09 

31.10 

30000  FT 

7 

11 

7 

3 

3 

2 

3 

1 

39 

160.51 

27,34 

48000  FT 

9 

9 

7 

4 

1 

3 

1 

3 

1 

38 

138.23 

23.74 

46000  FT 

6 

13 

6 

3 

3 

4 

1 

1 

39 

137,94 

24,23 

*4000  FT 

1 

7 

14 

7 

1 

3 

1 

4 

1 

39 

134.92 

21.98 

42000  FT 

11 

11 

6 

3 

3 

1 

38 

132.21 

20.84 

40000  FT 

14 

11 

3 

3 

2 

1 

39 

149.13 

18.32 

38000  FT 

4 

14 

9 

4 

3 

2 

2 

l 

40 

143,27 

18.27 

3*000  FT 

3 

15 

13 

2 

2 

2 

1 

1 

41 

142.33 

14.13 

34000  FT 

3 

17 

10 

3 

2 

2 

1 

43 

140.62 

15.19 

32000  FT 

7 

17 

9 

2 

4 

1 

1 

43 

139.35 

14.88 

0  MARX 

10 

18 

6 

4 

3 

43 

135,74 

12.45 

30000  FT 

11 

17 

6 

3 

3 

1 

43 

137,34 

14.34 

28000  FT 

14 

16 

6 

1 

3 

1 

45 

133,33 

14.48 

26000  FT 

15 

17 

3 

1 

3 

1 

43 

133.58 

13.94 

2*000  FT 

17 

14 

2 

3 

1 

l 

43 

131.48 

13.00 

22000  FT 

21 

11 

3 

3 

1 

43 

130.39 

11.53 

20000  FT 

20 

9 

6 

3 

43 

129.20 

10.04 

18000  FT 

22 

10 

4 

l 

44 

127.3H 

9.39 

16000  FT 

1 

19 

14 

1 

44 

126,36 

9,10 

14000  FT 

12 

20 

12 

1 

43 

124.73 

7.98 

12000  FT 

12 

23 

10 

43 

123.68 

6.92 

10000  FT 

12 

23 

10 

45 

123.44 

6.87 

8000  FT 

P 

19 

8 

45 

122,40 

6.47 

6000  FT 

17 

21 

4 

45 

120.97 

6.93 

.  4000  FT 

21 

18 

4 

43 

120.13 

6.90 

M  MARK 

24 

13 

3 

43 

120.22 

6.32 

2000  FT 

21 

21 

2 

45 

120.24 

3.72 

THRESHLO 

23 

17 

2 

45 

118.41 

5.99 

TOUCHDN 

23 

13 

44 

114.95 

6.09 

30 


TABLE  7  -  Concluded 


(b)  VFR  Approaches 


AIR  SP££0 
KNOTS 

BELOW  90  100  110  120  130  1*0  150  160  170  ItO  190  ZOO  210  220  230  240  230  TCTA&.  *£*.«  SIS** 

D15T  TO  THRE5ML0 


WAX  LOC 

5 

2 

7 

1 

1 

5 

2 

2 

2 

3 

4 

6 

41 

197,9(3 

4841 

30000  FT 

1 

6 

13 

20 

10 

12 

7 

5 

3 

7 

2 

3 

4 

1 

94 

174.15 

3X«*£ 

*0000  FT 

1 

10 

11 

19 

10 

15 

6 

4 

6 

4 

1 

4 

3 

1 

93 

m.s* 

3-0.9* 

46000  FT 

1 

11 

1* 

18 

11 

13 

4 

« 

8 

» 

4 

3 

85 

1*9.47 

29.58 

4*000  FT 

1 

2 

11 

18 

14 

14 

t 

7 

10 

3 

3 

3 

3 

1 

98 

1*4.95 

28.14 

*2000  FT 

1 

8 

7 

19 

13 

13 

6 

10 

8 

4 

1 

4 

1 

1 

98 

1*4*45 

27.59 

*0000  FT 

1 

1 

9 

12 

19 

16 

11 

*7 

9 

6 

3 

3 

2 

1 

98 

1*1.38 

25.40 

38000  FT 

2 

8 

13 

15 

19 

13 

12 

9 

2 

3 

3 

1 

ICO 

138.57 

23.82 

18000  FT 

2 

9 

16 

23 

13 

13 

12 

3 

3 

2 

1 

1 

ICO 

154.30 

22.07 

3*000  FT 

* 

10 

23 

19 

16 

12 

10 

4 

2 

1 

1 

ic; 

130.21 

20.49 

32C00  FT 

1 

4 

16 

18 

19 

19 

11 

9 

3 

2 

1 

1C3 

147.73 

19.73 

0  HARK 

5 

23 

24 

26 

12 

7 

6 

1 

1C* 

14C.77 

15.34 

30000  FT 

4 

20 

19 

2* 

13 

12 

7 

2 

1 

1C4 

144.75 

17*85 

28000  FT 

1 

6 

19 

26 

24 

12 

11 

4 

1 

1 

1C5 

1*1. *4 

14.27 

26000  FT 

1 

6 

23 

27 

17 

17 

8 

2 

1 

1C6 

138.9* 

13.00 

2*000  FT 

I 

9 

25 

32 

21 

13 

1 

2 

1C6 

134.28 

13.30 

22000  FT 

3 

7 

20 

36 

18 

12 

l 

1 

1C6 

134.53 

12.83 

20000  FT 

2 

7 

35 

34 

20 

7 

1 

1 

107 

132.90 

11.50 

10000  FT 

3 

13 

33 

3* 

19 

3 

1 

1 

107 

131.14 

11.49 

16000  FT 

2 

21 

3* 

35 

11 

* 

1 

108 

129.12 

1C.94 

1*000  FT 

3 

26 

*0 

23 

14 

2 

1 

109 

127.31 

11.07 

12000  FT 

2 

31 

42 

2* 

9 

2 

1 

HI 

125.79 

12.49 

10000  FT 

3 

35 

** 

23 

5 

2 

1 

113 

124.53 

12.21 

0000  FT 

* 

37 

*0 

18 

* 

2 

113 

123*49 

9.77 

6000  FT 

* 

30 

47 

19 

2 

2 

112 

122.70 

9.12 

*000  FT 

6 

** 

*6 

15 

3 

114 

121.35 

t.9* 

H  HARK 

3 

** 

49 

13 

3 

114 

121.41 

7.59 

2000  FT 

* 

*9 

*0 

11 

2 

ll* 

122.55 

7.4J 

THWESMLO 

8 

6* 

3* 

8 

11* 

117.90 

6.43 

TOUCHDN 

3  31 

58 

19 

3 

114 

113.63 

7.70 

(c)  IFR  Training  Approaches 


AIR  SPEED 
*N0T5 


BELOW 

90  100  110 

120 

130 

1*0 

130 

180  170  180  1*0  200  210  220 

230  2*0  230  TOTAL  W£AN 

DIST  TO  TMRE5HLD 

HAX  LOC 

l 

1 

2  1*2.00 

30000  FT 

3 

2 

1 

2 

0  1*9.00 

*8000  FT 

3 

2 

3 

8  1*9.25 

*6000  FT 

3 

2 

3 

8  1*8.62 

**000  FT 

1 

* 

3 

8  1*9.53 

*2000  FT 

1 

* 

3 

0  130.25 

*0000  FT 

1 

* 

1 

2 

•  1*9.73 

38000  FT 

1 

3 

1 

1 

<  1*8.75 

36000  FT 

1 

* 

2 

1 

8  1*9.12 

3*000  FT 

1 

3 

3 

1 

8  1*8.00 

32000  FT 

1 

3 

* 

8  146.62 

0  HARK 

2 

2 

3 

1 

8  1*0.12 

30000  FT 

1 

* 

2 

1 

8  1*3.87 

28000  FT 

1 

2 

3 

1 

l 

8  1**.00 

26000  FT 

1 

2 

* 

l 

8  1*1.12 

2*000  FT 

1 

3 

3 

l 

8  1*0.37 

22000  FT 

3 

2 

3 

8  133.37 

20000  FT 

* 

l 

3 

8  133.25 

10000  FT 

1 

3 

2 

2 

8  130.87 

16000  FT 

3 

1 

2 

1 

l 

0  131.00 

1*000  FT 

* 

3 

1 

0  120.12 

12000  FT 

3 

1 

3 

1 

0  126.12 

10000  FT 

3 

2 

2 

1 

0  127.37 

8000  FT 

3 

1 

3 

1 

0  123.73 

6000  FT 

2 

2 

* 

8  128.00 

*000  FT 

3 

2 

3 

0  124.00 

H  HARK 

3 

2 

3 

8  123.87 

2000  FT 

3 

2 

3 

8  123.73 

THRESHLD 

1  2 

1 

* 

8  123.23 

TOUCMON 

1 

3 

*  129.00 

SJG»A 

12*75 

12*55 

13*95 

12.17 

11*3S 

10*18 

8*01 

11*03 

9.5* 

9*86 

9.1* 

10.00 

9.87 

9.17 

8*81 

ll.T* 

11*39 

10*78 

13*03 

n.oi 
10.81 
12*38 
10, 7f 
9*50 
9.71 
9.71 
9.87 
11.2* 
2.00 
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TABLE  8.  STALL  MARGINS  DURING  APPROACHES 


(a)  IFR  Approaches 

STALL  MAftGlN 


c.« 

1*0  1*1 

1*2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8  1.9  2.0  2.1  2.2  2.3  2.4  2.5 

TOTAL 

*»EIN 

3!G*M 

:st  -e 

***  ux 

3 

7 

7 

5 

7 

1 

30 

1.46 

.15 

e.Tonr  ft 

6 

3 

7 

12 

2 

4 

1  1 

38 

1.50 

.17 

FT 

3 

• 

13 

6 

4 

2 

4 

37 

1.50 

.17 

*-*orc  ft 

3 

7 

12 

7 

5 

2 

2 

38 

1.49 

.15 

4ACC0  fT 

3 

» 

12 

7 

6 

2 

38 

1.46 

.13 

*?kc  rr 

1 

4 

7 

12 

h 

7 

37 

1.44 

.13 

♦jTOTC  ft 

3 

14 

9 

7 

5 

38 

1.42 

.11 

3-»CCC  ft 

8 

12 

9 

7 

3 

39 

1.4C 

•  12 

mccc  ft 

so 

15 

7 

4 

2 

2 

40 

1.38 

.13 

J*.%c  ft 

5 

9 

13 

9 

4 

4 

42 

1.38 

.12 

320CC  fT 

2 

9 

14 

10 

4 

3 

42 

1.38 

.12 

c 

1 

S3 

11 

12 

3 

2 

42 

1.35 

.10 

*rorc  ft 

12 

11 

12 

4 

3 

42 

1.38 

.11 

?fCCC  FT 

12 

14 

10 

3 

3 

42 

1.37 

.11 

i.vccc  ft 

12 

16 

9 

2 

j 

42 

1.36 

.10 

2*^jCC  rT 

2 

15 

14 

6 

4 

I 

42 

1.34 

.10 

27707  tr 

2 

13 

16 

6 

4 

1 

42 

1.34 

.10 

27CCC  fT 

2 

1? 

13 

12 

3 

42 

1.34 

.10 

:*osc  FT 

2 

13 

18 

8 

2 

43 

1.33 

.09 

1*007  r: 

3 

I* 

16 

7 

1 

43 

1.32 

.09 

i4-rcc  'T 

4 

15 

15 

9 

1 

44 

1  -<31 

.06 

;r:o?  ft 

3 

23 

16 

5 

44 

1.30 

.07 

zooor  ft 

4 

19 

13 

8 

44 

1.30 

.07 

for;  *-T 

4 

21 

15 

4 

44 

1.29 

.07 

♦OC7  FT 

7 

17 

16 

2 

44 

1.27 

.07 

4-OCC  r7 

1  7 

21 

12 

3 

44 

1.26 

.07 

•»  **!?< 

6 

2* 

11 

3 

44 

1.27 

.07 

77C7  r7 

6 

23 

14 

1 

44 

1.26 

.06 

8 

28 

7 

1 

44 

1.24 

.06 

is 

2* 

4 

43 

1.21 

.05 

(b) 

VFR  Approaches 

STALL  MARGIN 

eeLO*  0.9 

1.0 

1.1 

1.2 

1.3 

I** 

1.3 

1.6 

1.7 

1.8  1*9  2.0  2.1  2.2  2.3  2.4  2.3 

TOTAL 

MEAN 

SIGMA 

CIST  TO  T*«ES*LD 

"AX  L0t 

1 

3 

2 

10 

8 

6 

3  4 

41 

1.60 

•  26 

55000  *T 

1 

12 

16 

29 

10 

12 

3  2 

93 

1.53 

•  14 

41050  FT 

1 

1 

13 

18 

30 

18 

9 

2  2 

94 

1.33 

•  U 

46000  FT 

2 

12 

26 

22 

17 

10 

5 

94 

1.53 

.13 

44000  FT 

1 

4 

12 

27 

19 

20 

10 

4 

97 

1.52 

•  14 

47O00  ft 

2 

4 

14 

23 

22 

16 

14 

2 

97 

1.52 

.15 

40000  FT 

l 

7 

14 

28 

21 

17 

7 

2 

97 

1.30 

.14 

31000  ft 

2 

9 

13 

21 

24 

21 

5 

1 

90 

1.49 

.14 

36000  FT 

2 

6 

20 

28 

22 

13 

3 

90 

1.47 

.13 

3*000  FT 

1 

10 

27 

23 

24 

8 

5 

100 

1.44 

•  13 

32000  FT 

2 

1* 

23 

26 

19 

11 

4 

101 

1.43 

.13 

0  «A8t 

13 

41 

25 

16 

6 

2 

104 

1.40 

.11 

30000  FT 

2 

13 

29 

23 

23 

8 

2 

102 

1.42 

.12 

20000  FT 

1 

13 

32 

28 

18 

7 

2 

103 

1.41 

.12 

26000  FT 

1 

20 

34 

26 

17 

5 

1 

104 

1.39 

.11 

24000  FT 

3 

22 

33 

34 

10 

1 

1 

104 

1*37 

.10 

22000  FT 

4 

24 

40 

26 

9 

1 

104 

1.36 

•  10 

2000  FT 

2 

23 

46 

24 

9 

1 

103 

1.33 

.09 

18000  FT 

1 

2 

33 

39 

21 

7 

2 

103 

1.34 

.09 

16000  FT 

l 

1 

36 

44 

17 

6 

1 

106 

1.33 

.09 

14000  FT 

9 

30 

45 

16 

6 

1 

107 

1.33 

.09 

12000  FT 

8 

39 

37 

19 

4 

? 

109 

1.31 

.09 

J0000  FT 

9 

44 

39 

12 

5 

2 

111 

1.31 

.09 

8000  Ft 

1 

9 

46 

39 

12 

3 

1 

111 

1.30 

.09 

6000  FT 

1 

11 

49 

3? 

10 

3 

1 

no 

1.29 

.08 

4000  FT 

1 

12 

53 

33 

9 

2 

112 

1.20 

.00 

"  "IQZ 

1 

11 

5* 

37 

6 

X 

112 

1.20 

.07 

2000  FT 

1 

11 

37 

35 

7 

\ 

112 

1.27 

.07 

TH&ES«L0 

1 

25 

39 

24 

3 

112 

1.24 

.0* 

rrvcON 

3 

31 

43 

13 

112 

1.20 

,r- 
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TABLE  8  -  Concluded 
(c)  IFR  Training  Approaches 


STALL  MARGIN 


BELOW  0.9  1.0  1.1 

1.2  1.3 

1.4 

1.3 

1.6 

1.7  1.8  1.9  2.0  2.1  2.2  2*3  2*4  2.5  TOTAL  MEAN 

sigma 

DIST  TO  TMAESMLO 

WAX  LOC 

l 

1 

2  1.31 

•  19 

SOOOO  FT 

3 

1 

3 

1 

•  1.59 

•  12 

41000  FT 

2 

2 

2 

2 

•  1.39 

•  11 

46000  FT 

1 

1 

2 

2 

2 

a  l.sa 

.  12 

44000  FT 

2 

2 

2 

2 

a  1.59 

•  11 

42000  FT 

1 

3 

2 

2 

a  1.60 

•  10 

40000  FT 

1 

3 

3 

1 

a  1.60 

•  09 

51500  FT 

1 

3 

3 

1 

a  1.60 

•OB 

36000  FT 

1 

2 

2 

3 

a  i«6i 

•  12 

34000  FT 

1 

1 

3 

3 

a  1.60 

•  10 

32000  FT 

l 

2 

4 

l 

a  1.59 

•  12 

0  MAM 

1 

1 

2 

4 

a  1.55 

•  10 

30000  FT 

1 

2 

4 

1 

a  1.39 

•  10 

26000  FT 

l 

1 

3 

2 

1 

a  1.37 

•to 

26000  FT 

l 

2 

1 

4 

a  1.34 

•  10 

24000  FT 

3 

2 

3 

a  1.34 

•  10 

22000  FT 

1 

2 

3 

2 

a  1.33 

•  10 

20000  FT 

3 

3 

2 

a  1.33 

.07 

16000  FT 

4 

3 

1 

A  1.30 

•03 

16000  FT 

1 

3 

2 

2 

8  1.30 

•  06 

14000  FT 

3 

j 

3 

1 

0  1.47 

.09 

12000  FT 

2 

3 

3 

a  1.43 

.06 

10000  ft 

3 

2 

2 

l 

a  i«46 

.09 

8000  FT 

2 

3 

3 

a  1.44 

•  07 

6000  FT 

2 

4 

1 

1 

a  1.45 

.06 

4000  FT 

2 

5 

1 

a  i.42 

.06 

M  MARK 

3 

3 

a  i.42 

.03 

2000  FT 

2 

6 

a  i.42 

•  04 

tmresmlo 

1  2 

3 

2 

a  i.42 

•  10 

TOUCHON 

1 

3 

4  1.42 

•  03 
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TABLE  9 


RUNWAY  OCCUPANCY  TIMES  AND  AVERAGE  LONGITUDINAL 
ACCELERATIONS  DURING  DEPARTURES  AND  ARRIVALS 


AlH^ORT 

TAKEOFF 

ROLL 

LANDING 

ROLL 

AVERAGE 

AVERAGE 

NAME 

CODE 

RNWY 

NO. 

AVG  TIME 

ACCELERATION 

NO. 

AVG  TIME 

ACCELERATION 

(SEC) 

(G*S> 

(SEC1 

IG*  S) 

ATLANTA 

atl 

09 

16 

33.0 

0.20 

10 

27.6 

-0.19 

atl 

15 

1 

27.6 

0.23 

0 

-- 

— 

ATL 

27 

15 

39.6 

0.16 

11 

28.8 

-0.18 

ASHEVILLE 

AVL 

16 

6 

36.6 

0.18 

7 

25.8 

-0.20 

AVL 

36 

15 

31.2 

0.21 

16 

33.0 

-0.16 

NASHVILLE 

8NA 

02 

6 

■  29.6 

0.22 

7 

30.0 

-0.17 

SNA 

13 

0 

— 

-- 

1 

23.6 

-0.22 

E)NA 

20 

12 

31.2 

0.21 

13 

31.8 

-0.16 

SNA 

31 

15 

39.0 

0.17 

9 

30.6 

-0.17 

CHARLOTTESVILLE 

CHO 

03 

5 

27.0 

0.26 

6 

30.6 

-0.17 

CHO 

21 

3 

25.2 

0.26 

3 

30.6 

-0.17 

CHARI  OTTE 

CLT 

05 

15 

37.2 

0.17 

17 

30.0 

-0.17 

CLT 

18 

3 

33.6 

0.19 

1 

67.6 

•0.11 

CLT 

23 

11 

60.8 

0.16 

11 

28.8 

-0.68 

CLT 

36 

1 

28.2 

0.23 

2 

60.0 

-0.09 

WASHINGTON  NAT  •  L 

DCA 

18 

8 

66.6 

0.15 

7 

25.2 

-0.20 

DCA 

33 

1 

28.2 

0.23 

3 

33.6 

-0.15 

DCA 

36 

2 

28.8 

0.22 

9 

23.6 

-0.22 

NEWARK 

EWR 

06 

0 

-- 

-- 

2 

27.0 

-0.19 

EWR 

22 

2 

36.0 

0.18 

0 

~ 

— 

FAYETTEVILLE 

FAY 

03 

32 

27.6 

0.23 

29 

30.6 

-0.17 

FAY 

21 

6 

27,6 

0.23 

9 

33.0 

-0.16 

GREFNSbORr 

GSO 

16 

2 

30.6 

0.21 

2 

37.8 

-0.16 

GSO 

23 

0 

~ 

— 

2 

70.8 

-0.07 

GSO 

32 

6 

35.6 

0.18 

2 

27.6 

-0.19 

HUNT  I  N(jl  ON 

HTS 

11 

6 

62,0 

0.15 

9 

38.6 

-0.13 

HTS 

29 

10 

27.6 

0.23 

3 

30.6 

-0.17 

DULLES 

I  AD 

01 

2 

30.6 

0.21 

1 

62.6 

-0.12 

I  AO 

19 

1 

58.8 

0.11 

2 

63.8 

-0.12 

I  AD 

30 

2 

28.8 

0.22 

0 

~ 

— 

WILMINGTON 

ILM 

05 

3 

36.2 

0.19 

3 

33.0 

-0.16 

ILM 

16 

1 

30.0 

0.22 

2 

30.6 

-0.17 

ILM 

36 

3 

28.8 

0.22 

6 

27.6 

-0.19 

W1NSTON-SALFM 

INT 

15 

7 

36.8 

0.19 

0 

— 

— 

INT 

33 

3 

36.2 

0.19 

11 

65.6 

-0.11 

KINGSTON 

ISO 

06 

10 

33.0 

0.20 

11 

33.6 

-0.15 

ISO 

22 

8 

33.0 

0.20 

13 

28.2 

-0.18 

laguahdia 

LGA 

06 

5 

32.6 

0.20 

2 

23.6 

-0.22 

LGA 

13 

5 

32.6 

0.20 

1 

25.2 

-0.20 

LGA 

22 

0 

-w 

-- 

10 

23.6 

-0.22 

LGA 

31 

10 

36.8 

0.19 

11 

25.2 

-0.20 

LEXINGTON 

LEX 

06 

2 

3 1  •  6 

0.20 

3 

36.2 

-0.15 

LEX 

22 

9 

33.0 

0.20 

6 

31.8 

-0.16 

LYNCHBURG 

LYH 

03 

3 

27.0 

0.26 

6 

33.  C 

-0.16 

LYH 

21 

6 

27.6 

0.23 

2 

25.8 

-0,20 

MIDWAY.  CHICAGO 

mow 

06 

1 

28.8 

0,22 

3 

25.8 

-0.20 

mow 

13 

5 

36.6 

0.18 

7 

36.2 

-0.15 

MOW 

22 

6 

62.6 

0.15 

6 

25.8 

-0.20 

MOW 

31 

5 

29.6 

0.22 

6 

68.6 

-0.11 

MEMPHIS 

MEM 

09 

0 

-- 

— 

1 

25.8 

-0.20 

MEM 

17 

3 

37.2 

0.17 

6 

25.8 

-0.20 

MEM 

27 

0 

— 

-- 

1 

62.0 

-0.12 

MEM 

35 

7 

29.6 

0,22 

9 

28.8 

-0.'8 

NORFOLK 

ORF 

06 

26 

33.0 

0.20 

25 

29.6 

-0.18 

ORE 

22 

23 

30.0 

0.22 

10 

28.2 

-0.18 

ORF 

31 

1 

26.6 

0,26 

2 

60.2 

-C.13 

RICHMOND 

RIC 

02 

27 

36.2 

0.19 

19 

31.8 

-0.16 

RIC 

06 

0 

-- 

— 

2 

28.2 

-0.17 

RIC 

15 

6 

25.2 

0.26 

0 

•- 

RIC 

20 

26 

30.6 

0,21 

21 

38.6 

-0.13 

RIC 

33 

1 

36,8 

0.19 

11 

70.2 

-0.07 

ROANOKE 

ROA 

05 

5 

30.6 

0.21 

1 

52.8 

-0.10 

ROA 

15 

10 

30.6 

0.21 

6 

31.2 

-0.17 

ROA 

23 

50 

33.0 

0.20 

23 

30.6 

-0.17 

ROA 

33 

6 

62.6 

0.15 

37 

27.0 

-0.19 

RALEIGH-DliRHAM 

RDU 

05 

8 

32.6 

0.20 

11 

35.6 

-0.15 

RDU 

23 

16 

36.6 

0.18 

16 

33.6 

-0.15 

LOUISVILLE 

SDF 

01 

0 

~ 

— 

2 

39.6 

-0.13 

SOF 

19 

2 

36,8 

0.19 

l 

28.8 

-0.18 

SDF 

29 

1 

66,2 

0.16 

3 

57.0 

-0.09 

t*i-city.  tenn. 

TRI 

06 

1 

29,6 

0.22 

2 

30.0 

-0.17 

TRI 

22 

12 

31,2 

0.21 

12 

27.6 

-0,1V 

TOTAL 

513 

’3.0 

0.20 

513 

32.6 

-0,16 
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PERCENTAGE  OF  TAXI  TIME 


Figure  18.  Percentage  of  Taxi  Time  Spent  in  Each  Interval 
of  Taxi  Speed 
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TABLE  10 


NUMBER  OF  TURNS  DURING  DEPARTURE  TAXI  AND  ARRIVAL 
TAXI  FOR  EACH  RUNWAY 


(a)  Pre-flight  Taxi  Data 


TU»N$  PER  FLIGHT  FOP  AIRPORT*  RUNWAY  BY  PRrFLT  TAXI 


AIRPORT 

runway 

0  1 

ATL 

09 

3 

ATL 

15 

ATL 

27 

1 

AVL 

16 

AVL 

34 

BNA 

02 

BNA 

20 

BNA 

31 

CHO 

03 

CHO 

21 

CLT 

05 

1 

CLT 

IH 

CLT 

23 

2 

CLT 

36 

OCA 

18 

3 

OCA 

33 

OCA 

36 

1 

FWR 

22 

FAY 

03 

1 

FAY 

21 

1 

GSO 

14 

1 

GSO 

32 

HTS 

11 

HTS 

29 

1 

I  AD 

01 

I  AD 

19 

I  AD 

30 

ILM 

05 

ILM 

16 

ILM 

34 

INT 

15 

1 

INT 

33 

ISO 

04 

ISO 

22 

lga 

04 

LGA 

13 

2 

LGA 

31 

MOW 

04 

MOW 

13 

MOW 

22 

2 

MOW 

31 

MEM 

17 

MEM 

35 

ORF 

04 

1 

ORF 

22 

1 

ORF 

31 

RIC 

02 

1 

RIC 

15 

RIC 

20 

1 

RIC 

33 

ROA 

05 

2 

ROA 

15 

2 

ROA 

23 

2 

ROA 

33 

SDF 

19 

SOF 

29 

TRI 

04 

TRI 

22 

LEX 

04 

LEX 

22 

LYH 

03 

LYH 

21 

RDU 

05 

RDU 

23 

2 

TOTAL 

32 

TURNS 

PER  l 

FLIGHT 

2 

3 

4 

5 

6 

1 

4 

1 

4 

1 

l 

2 

3 

5 

1 

4 

1 

2 

1 

10 

2 

3 

3 

2 

6 

2 

2 

7 

5 

1 

1 

4 

2 

1 

1 

3 

5 

1 

1 

1 

4 

2 

2 

1 

2 

1 

1 

1 

2 

1 

1 

3 

10 

10 

7 

1 

1 

I 

2 

l 

1 

1 

2 

1 

2 

2 

6 

3 

1 

1 

1 

2 

2 

1 

1 

1 

1 

5 

1 

2 

1 

3 

2 

4 

1 

1 

5 

3 

l 

I 

1 

1 

2 

4 

1 

1 

2 

1 

1 

3 

1 

4 

1 

3 

1 

4 

2 

4 

'.4 

3 

2 

8 

8 

3 

1 

1 

1 

8 

8 

7 

2 

1 

1 

2 

2 

5 

15 

I 

1 

1 

6 

2 

25 

15 

5 

2 

3 

2 

1 

1 

1 

1 

4 

5 

1 

2 

2 

1 

3 

5 

1 

1 

4 

1 

1 

5 

2 

1 

3 

6 

2 

67 

113 

123 

92 

60 

8 


2 


1 


1 

1 

1 


6 


TOTAL  TOTAL 
9  FLIGHTS  TURNS 

13  50 

1  4 

1<*  72 

6  25 

15  57 

6  30 

1  12  68 

15  63 

5  24 

3  8 

14  78 

3  19 

11  43 

1  3 

8  24 

1  3 

2  5 

2  7 

32  118 

6  19 

2  6 

A  13 

4  10 

10  31 

2  7 

1  4 

2  8 

3  17 

1  3 

3  12 

7  21 

3  13 

10  39 

8  40 

5  33 

5  21 

10  53 

1  5 

5  22 

6  17 

5  24 

3  12 

7  28 

24  67 

23  82 

1  4 

27  106 

6  32 

23  124 

1  1  10 

5  16 

10  20 

49  127 

4  13 

1  3 

1  7 

1  4 

12  52 

2  8 

9  38 

3  12 

6  18 

8  25 

14  47 


2  507  I974 


TABLE  10  -  Concluded 


(b)  Post- flight  Taxi  Data 


TURNS  P£P  FLtkHT  fop  AIRPORT •  RUNWAY  BY  POSTFLT  TAXI 

TURNS  PER  FLIGHT 

5  6  7 

3  1 

2  1 


AIL 

09 

1 

4 

I 

atl 

27 

l 

4 

2 

AVL 

16 

2 

3 

1 

AVL 

34 

2 

1 

8 

2 

HNA 

02 

1 

3 

3 

HNA 

13 

1 

BNA 

20 

2 

4 

HNA 

31 

2 

7 

CHO 

03 

2 

2 

CHO 

21 

1 

CLT 

05 

14 

2 

1 

CLT 

18 

1 

CLT 

23 

2 

5 

3 

CLT 

36 

1 

1 

OCA 

18 

3 

1 

3 

Dv»A 

33 

1 

2 

OCA 

36 

1 

4 

4 

EwR 

04 

1 

l 

FAY 

03 

1 

4 

14 

8 

FAY 

21 

1 

2 

4 

GSO 

14 

1 

1 

CiSO 

23 

1 

1 

GSO 

32 

1 

1 

HIS 

11 

5 

3 

l 

NTS 

29 

3 

I  AD 

01 

1 

I  AD 

19 

2 

ILM 

05 

ILM 

16 

2 

ILM 

34 

4 

INT 

33 

6 

3 

1 

ISO 

04 

1 

2 

8 

ISO 

22 

2 

10 

LGA 

04 

LGA 

13 

LGA 

22 

1 

1 

LGA 

31 

1 

1 

5 

2 

MDW 

04 

1 

2 

MDW 

13 

5 

2 

MOW 

22 

4 

2 

MDW 

31 

1 

3 

M£M 

09 

M?M 

17 

1 

1 

1 

I 

MEM 

27 

MEM 

35 

ORF 

04 

3 

17 

3 

2 

ORF 

22 

2 

5 

2 

1 

ORF 

31 

RIC 

02 

l 

3 

4 

RIC 

06 

RIC 

20 

3 

1 

8 

RIC 

24 

1 

RIC 

33 

l 

ROA 

05 

1 

ROA 

15 

2 

2 

ROA 

23 

2 

8 

8 

2 

ROA 

33 

8 

22 

5 

2 

SOF 

01 

1 

1 

SOF 

19 

SOF 

29 

3 

TRI 

04 

2 

TRI 

22 

1 

5 

LEX 

04 

1 

l 

1 

LEX 

22 

5 

1 

LYH 

03 

2 

3 

1 

LYH 

21 

1 

RDU 

05 

I 

6 

3 

PDU 

23 

3 

10 

1 

IOTAL 

28 

131 

160 

93 

1 

II 

9 

2 

6 


1 

60 


2  4 


21 


TOTAL 

TOTAL 

FLIGHTS 

TURNS 

10 

40 

10 

39 

7 

23 

14 

41 

7 

23 

1 

3 

13 

62 

9 

25 

4 

8 

3 

13 

17 

38 

1 

2 

11 

37 

2 

3 

7 

21 

3 

11 

9 

30 

2 

6 

29 

93 

9 

34 

2 

7 

2 

7 

2 

5 

9 

23 

3 

9 

1 

4 

2 

8 

3 

16 

2 

8 

4 

12 

10 

25 

11 

39 

12 

34 

2 

15 

1 

5 

10 

61 

11 

36 

3 

8 

7 

16 

6 

20 

4 

11 

1 

9 

4 

10 

1 

5 

9 

52 

25 

54 

10 

22 

2 

11 

19 
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CUMULATIVE  FREQUENCY  PER  THOUSAND  FLIGHTS 
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C.G.  LATERAL  ACCELERATION  (g) 


Figure  23.  Incremental  C.G.  Lateral  Acceleration  Peaks  per 
1000  Flights  by  Taxi  Phase 
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Figure  28.  Maximum  Flight  Control  Deflections  During  Each 
Recorded  Flight  Segment  versus  Dynamic  Pressure 
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(c)  Flap  Setting  5°  (d)  Flap  Setting  10° 


Figure  29.  Probability  of  Exceeding  Airspeed  and  Dynamic 
Pressure  Levels  at  Eight  Flap  Settings  During 
Flap  Extensions  and  Retractions 
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PRESSURE  ALTITUDE  (IQ-*  FEET) 


Figure  31.  Percentage  of  Flight  Time  in  Turbulence  at  Each 
Altitude  Level  for  737,  a  Twin- jet,  and  NACA 
TN  4332  Data 
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CUMULATIVE  FREQUENCY  PER  THOUSAND  FLIGHT  HOURS 


C.G.  VERTICAL  ACCELERATION  az  (g) 


Figure  32.  Turbulence  and  Maneuver  Incremental  C.G.  Vertical 
Acceleration  Peaks  per  1000  Flight  Hours 
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Figure  33. 


Incremental  C.G.  Vertical  Acceleration  Peaks  per 
1000  Flight  Hours  in  Ascent,  Cruise,  and  Descent 
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TOTAL  FLIGHT  DATA 

0  737  Aircraft  (1171.2  hrs) 
□  707  Aircraft  (Ref.l)  (  408.6  hrs) 
0  727  Aircraft  (Ref.l)  (  931.3  hrsj 
— Twin-jet  (Ref. 9)  (1846.0  hrs) 


0.2  0.4 


0.6  0.8 


1.0  1.2 


C.G.  VERTICAL  ACCELERATION  a7  (g) 


Figure  34, 


Incremental  C.G.  Vertical  Acceleration  Peaks  per 
1000  Flight  Hours  for  737  Aircraft  and  for 
Reference  9  Twin -jet  Aircraft 


TABLE  11.  DISTRIBUTION  OF  C.G.  VERTICAL  ACCELERATION  PEAKS 
IN  RANGES  OF  NORMAL  LOAD  FACTOR  AND  INDICATED 
AIRSPEED 


NZ  V5  VELOCITY 


NZ  DISTRIBUTION 

LESS  -0,5  0*0  0,2  0,4  0.5  0.6  0.7  THRESHOLD  1.2  1,3  1.4  1.3  1.6 


LESS 

25 

50 

75 


375 

400 

423 

450 

totals 


28  82  287  1291  3068 


•  8  2.0  2. 5  3.0  TOTAL  H>Jf»5 


100 

18 

343 

48 

1 

410 

32*31 

123 

2 

43 

138 

1008 

193 

11 

1 

2 

1416 

63.64 

150 

1 

4 

53 

187 

646 

231 

19 

4 

1 

1368 

41.03 

175 

5 

13 

99 

273 

1437 

487 

36 

9 

1 

2362 

33.44 

200 

5 

22 

107 

292 

1333 

413 

32 

11 

9 

2247 

60.76 

225 

1 

8 

21 

82 

343 

713 

3636 

1254 

166 

43 

21 

3 

6313 

209.30 

250 

1 

9 

21 

78 

261 

362 

2015 

645 

132 

44 

18 

3 

3789 

106.52 

273 

2 

13 

36 

137 

272 

1230 

436 

76 

33 

16 

6 

2297 

63.80 

300 

l 

3 

9 

25 

97 

234 

1343 

446 

39 

20 

12 

2 

2231 

159.02 

323 

i 

7 

19 

112 

297 

1493 

413 

61 

19 

9 

2431 

2**9t94 

350 

1 

l 

6 

17 

78 

363 

73 

11 

l 

1 

1 

333 

94.35 

15129  4639  646  163  90  13 


0,04 


25461  1171.22 


(Note:  All  ranges  are  denoted  by  their  lower  limits.  For  ex¬ 
ample,  0.7  indicates  the  nz  interval  from  0.7  to  0.8g.) 


TABLE  12.  DISTRIBUTION  OF  C.G.  VERTICAL  ACCELERATION  PEAKS 


IN  RANGES  OF  NORMAL  LOAD  FACTOR  AND  PRESSURE 
ALTITUDE 


NZ  VS  ALTITUDE 


NZ  DISTRIBUTION 


LiSSS  -0.3 

0.0  0.2 

0.4 

0.3 

0.6 

0.7 

THRESHOLD  1.2 

1.3 

1.4 

1.3 

1.6 

1.8  2.0 

2.5  3.0  TOTAL 

HOURS 

LES5 

1 

29 

141 

487 

77 

5 

2 

1 

743 

30.88 

1000 

3 

10 

102 

339 

1729 

395 

49 

9 

26  36 

70.60 

2000 

1  9 

18 

93 

309 

934 

4872 

1585 

205 

31 

17 

8094 

193.79 

5000 

1  7 

17 

78 

362 

710 

3173 

982 

140 

34 

21 

3 

5328 

242.17 

10000 

11 

29 

58 

308 

517 

2491 

873 

165 

35 

35 

10 

4352 

230.67 

13000 

1 

6 

30 

87 

229 

1190 

390 

37 

21 

8 

1999 

166.48 

20000 

3 

6 

58 

128 

630 

159 

18 

3 

4 

1013 

105.83 

25000 

1 

4 

10 

35 

88 

477 

148 

23 

6 

4 

796 

122.39 

30000 

1 

1 

2 

79 

30 

4 

2 

119 

6.19 

33000 

40000 

1 

1 

0,21 

TOTALS 

A  28 

82 

287 

1291 

3088 

15129 

4639 

646 

183 

90 

13 

23481 

1171,22 

TABLE  13.  DISTRIBUTION  OF  C.G.  VERTICAL  ACCELERATION  PEAKS 
IN  RANGES  OF  NORMAL  LOAD  FACTOR  AND  AIRCRAFT 
WEIGHT 


NZ  VS  WEIGHT 


NZ  DISTRIBUTION 


LESS  -0,3 

0.0  0.2 

0.4 

0.5 

0.6 

0.7 

THRESHOLD  1,2 

1.3 

1.4 

1.5 

1.6 

1.8  2.0 

2,5  3,0  TOTAL 

HOURS 

60000 

2 

3 

17 

2 

26 

1.2  2 

70000 

1  11 

16 

69 

223 

430 

2161 

642 

116 

22 

14 

2 

37»5 

122.12 

00000 

1  In 

43 

M 

729 

17u0 

9167 

285? 

377 

114 

53 

6 

15203 

606,21 

90000 

1  3 

23 

73 

333 

941 

3710 

11? 

4  53 

48 

23 

3 

6440 

342,71 

100000 

4 

4 

74 

1 

1 

97 

8.96 

110000 

120000 

130000 

140000 

150C00 

160000 

170000 

160000 

190000 

200000 

210000 

220000 

230000 

240000 

230000 

260000 


totals 


28  82  287  1291  3088 


13129  4639  646  185  90  13 


23481  1171,22 
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TABLE  14.  DISTRIBUTION  OF  C.G.  VERTICAL  ACCELERATION  PEAKS 
IN  NORMAL  LOA^.  FACTOR  RANGES  AND  PHASES 

HZ  VS  PHfSE 


0.0 

0.2 

0.4 

0.5 

0.6 

0,7 

HZ  DISTRIBUTION 
THRESHOLD  1.2  1.3 

1*4 

1.5 

1.6 

1 

3 

25 

212 

877 

2632  777 

114 

27 

4 

1 

7 

23 

98 

*79 

112? 

*101  1414 

192 

61 

19 

3 

17 

*9 

1 7 » 

*17 

1859  553 

86 

26 

22 

2 

18 

*2 

1*0 

628 

15*3 

9169  2672 

363 

98 

49 

3 

11 

58 

*29 

1356 

6806  2943 

773 

259 

197 

3 

32 

96 

370 

1932 

5321 

24567  8359 

1533 

*71 

291 

**12  «.** 
7527  rrr^z* 
3217  3S4.3C 

147J7  9!f#|f 

X2*7X  4)f|f 

43C2*  1 272. 5^ 


TABLE  15.  DISTRIBUTION  OF  C.G.  VERTICAL  ACCELERATION  PEAKS 
IN  RANGES  OF  NORMAL  LOAD  FACTOR  AND  PRESSURE 
ALTITUDE  FOR  SMOOTH  AIR  AND  TURBULENCE 


(a)  By  Altitude  Interval 


ALTITUDE  LESS 


LE5S  -0,5  0.0  0„2 

0.* 

0.5 

0,6 

0.7 

N2  DISTRIBUTION 
THRESHOLD  1.2  1.3 

1.4 

1.5 

1.6 

5MG0TH  AIR 

TUROULEVCF 

1 

2 

27 

27 

11* 

132  23 

355  5* 

3 

2 

2 

1 

TOTALS 

1 

29 

1*1 

*87  77 

5 

2 

1 

altitude 

1000 

LE5S  -0,5  0.0  0,2 

0,4 

0.5 

0.6 

0.7 

M2  DISTRIBUTION 
THRESHOLD  1.2  1.3 

1.* 

1.5 

1.6 

SMOOTH  AIR 

TURBULENCE 

3 

10 

9 

93 

*0 

299 

322  57 

1*07  338 

* 

*5 

9 

TOTALS 

J 

10 

102 

339 

1729  395 

*9 

9 

ALTITUDE 

2000 

LE5S  -0,5  0,0  0,2 

0.* 

0,5 

0.6 

0.7 

n;  oistri8ution 

THRESHOLD  1.2  1.3 

1.* 

1.5 

1.6 

SMOOTH  AIR 

TURBULENCE  \  9 

18 

93 

3 

306 

*7 

887 

562  110 

*310  1*67 

* 

201 

1 

50 

17 

TOTALS  1  9 

18 

93 

309 

93* 

*872  1585 

205 

51 

17 

ALTi TUOE 

5000 

LESS  -0,5  0,0  0,2 

0.* 

0,5 

0,6 

0.7 

N2  DISTRIBUTION 
THRESHOLD  1.2  1.3 

1.* 

1,5 

1.6 

SMOOTH  AIR 

TURBULENCE  1  7 

17 

2 

76 

8 

35* 

50 

660 

*35  70 

2738  912 

5 

135 

3* 

21 

totals  1  7 

17 

78 

36? 

710 

3173  982 

1*0 

3* 

21 

187  22.63 

556  8.28 


*32  *6*33 

220*  2*.27 

2636  70.60 


73!  13*. 37 
7359  61,«2 

809*  195.79 


570  201.0* 
*958  *1.1* 


ALTITUDE 

loroo 

LESS  -0.5  0.0  0,2 

0.4 

0.5 

0.6 

0.7 

HZ  DISTRIBUTION 
THRESHOLD  1.2  1.3 

1.* 

1.5 

1.6 

SMOOTH  AIR  3 

TURBULENCE  8 

1 

28 

5 

53 

15 

293 

37 

*80 

370 

2121 

8* 

7*9 

7 

158 

* 

51 

2 

33 

totals  n 

29 

58 

308 

517 

2*9 1 

873 

165 

55 

35 

ALTITUDE 

15000 

LESS  -0,5  0,0  0.2 

0,4 

0,5 

0,6 

0.7 

HZ  DISTRIBUTION 
THRFSMOLO  1.2  1,3 

l.* 

1.5 

1.6 

SMOOTH  AP 

TURBULENCE  1 

6 

2 

28 

7 

80 

22 

207 

152 

1038 

21 

369 

2 

35 

20 

8 

TOTALS  \ 

6 

30 

87 

229 

1190 

390 

37 

21 

8 

531  201.92 
*021  28.75 


*552  230.67 


207  150.39 
1792  15.60 


1990  166, *8 
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Inis  appendix  briefly  describes  the  recorder,  the  tape  maga¬ 
zine,  tbe  signal  conditioning  nnit,  the  transducers,  sad  the 
calibration  of  tbe  equipment. 

A.  EPASS  EE3330ES 


Tbe  ©EES  system  was.  designed  aromnd  a  Ctonrac  digital  Adaptive 
Eecrsrdirg  Set  £0*55)  recorder-  !he  MSS  recorder  is  an  airborne 
24-channel  digital  magnetic  tape  recorder-  As  viewed  in  Figore 
35,  tbe  recorder  is  16  inches  wide,  13  inches  deep,  and  6  inches 
high;  it  weighs  29  ponnds-  Ihe  standard  115  volt,  400  Ms  ac,  and 
2S  rolt  dc  aircraft  newer  sonrees  operated  the  recorder-  Each  of 
the  channels  is  designed  to  accept  0-  to  5-volt  dc  analog  inpat 
signals  Ibe  hiodfc  diagram  in  Fignre  36  depicts  the  basic  fcactioa- 
ai  arrangement  of  the  major  components  in  the  recorder-  As  indi¬ 
cated,  the  repeats  to  each  channel  are  sampled  by  a  multiplexer  cir¬ 
cuit,  digitated  by  an  analog- to-digital  converter,  placed  in  a 
temporary  storage  for  data  compression,  rooted  through  a  formatter 
for  time  identification,  entered  In  either  of  two  baaffer  memories 
where  the  parity  bit  is  generated,  and  finally  directed  to  the  tape 
magazine  hx  permanent  recording- 


* 


HSC«5  £30# 

sssssm 


Figure  36-  iruncticnal  Block  Biagrami  of  Major  Components  .is 
„ BARS  Recorder 


Ice  mala  feature  of  the  B33S  recorder  Is  its  capability  of 
so  sampling  tee  data  that  only  significant  parameter  changes  are 
selected  for  data  recording-  As  a  result,  redundant  data,  such 
as  recorded  during  aircraft  cruise  when  the  flight  parameters  are 
virtually  constant.  Is  eliminated,  and  the  tape  capacity  is  used 
more  effectively-  SIhen  convent icnal  digital  magnetic  tape  re¬ 
corders  are  employed,  the  redundant  data  may  he  discarded  only 
during  the  scosespnent  computer  processing  of  the  recorded  data. 
Figure  37  Illustrates  the"  effectiveness  of  the  FAS5  data  compres¬ 
sion-  As  sees  here  where  the  digital  levels  and  a  trace  of  a 
typical  analog  signal  are  drawn,  the  £?A2S  recorder  with  Its  data 
compression  feature  retains  only  the  significant  data,  a  frac¬ 
tion  of  the  data  taken  by  a  recorder  without  this  feature  - 

Since  the  TASS  has  the  capability  of  taking  a  total  cf 
2A3  samples  per  second,  the  sampling  rate  for  each  channel  was 
selected  according  to  the  anticipated  freemens/  cf  the  parameter 
changes-  For  example,  stabiliia-c  position,  on  Channel  13,  was 
sampled  only  twice  a  second  siuoe  it  charges  *?ry  slowly,  where¬ 
as  hank  angle  (fecllj.  on  Channel  11.  was  samplcsften  times  a 
second  sinne  It  fluctuates  more  fre^jentlr- 


6 


m 


C-  3323^iED  ^^JTTTE  SSXPZIZS  TVS' 


rigzrz  37.  IH=3t£s2tic3  cS  -TJUS  Data  Crxys*ssirra 


f  r 


The  data  compression  requires  a  comparison  of  each  digi¬ 
tized  data  sample  with  the  last  recorded  value  for  the  same 
channel.  If  the  two  values  differ  by  more  than  a  “threshold" 
value,  the  new  value  is  stored  in  one  of  the  two  buffer  memories; 
if  their  difference  is  less  than  the  threshold,  the  new  value 
is  discarded.  Since  a  certain  amount  of  low-level  "noise"  is 
present  in  each  parameter,  the  threshold  value  can  be  chosen 
to  eliminate  the  noise  but  retain  all  significant  parameter 
variations.  Although  the  threshold  values  vary  from  channel  to 
channel,  they  are  fixed  by  the  recorder  design.  The  threshold 
values  for  each  channel  of  the  UERS  recorders  are  1/128,  1/64, 
or  1/32  of  full,  scale  (5  volts) . 

As  each  new  value  is  stored  in  the  buffer  memory,  the  time 
and  the  channel  identification  are  added  to  it  to  form  one  digi¬ 
tal  word  in  three -character  form.  When  a  buffer  memory  has  been 
filled  to  capacity,  the  memory  selector  shifts  to  the  other  buf¬ 
fer  memory,  the  magazine  tape  drive  (inactive  since  the  last 
buffer  memory  filling)  is  started,  and  the  data  in  the  filled 
buffer  memory  is  recorded  on  the  tape.  After  the  data  has  been 
recorded,  the  tape  drive  stops  and  the  buffer  is  erased. 

Table  16  lists  the  channel  numbers  and  their  corresponding 
parameter  identification,  sampling  rate,  parameter  range,  thres¬ 
hold,  and  estimated  measurement  accuracy  for  the  UERS  system 
in  the  737  aircraft - 


TA3LE  16.  CHANNEL  KG.,  SAMPLING  RATE,  RANGE,  THRESHOLD, 
AND  ACCURACY  FOR  EACH  RECORDED  PARAMETER 
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The  DME  data  was  initially  recorded  to  permit  computing 
the  distance  to  threshold.  However,  the  recording  of  this 
data  was  terminated  early  in  the  program  because  only  a  few 
airports  with  ILS  systems  were  also  equipped  with  DME  facilities. 
Also  contributing  to  the  decision  for  this  termination  was  the 
fact  that  this  parameter  required  a  large  amount  of  recording 
tape  to  achieve  the  desired  accuracy. 

B.  DARS  TAPE  MAGAZINE 


The  DARS  tape  magazine  is  a  hermetically  sealed  plug-in 
cartridge  containing  all  the  record  heads,  drive  mechanism,  and 
electronics  needed  to  record  the  data.  The  magazine  contains 
600  feet  of  one-half-inch  magnetic  tape.  A  counter  on  the  maga¬ 
zine  indicates  the  percentage  of  remaining  tape.  Easily  inserted 
into  and  removed  from  the  DARS  recorder,  the  magazine  was  de¬ 
signed  to  withstand  the  high  accelerations  and  temperature  of 
crash  environments.  As  viewed  in  Figure  55,  the  magazine  is  7 
inches  wide,  7  inches  long,  and  4.5  inches  high;  it  weighs  12 
pounds.  The  DARS  recorder  supplies  all  power  needed  for  the 
tape  drive  and  the  start,  stop,  and  record  signals. 


C.  UERS  SIGNAL  CONDITIONER 

Technology  Incorporated  designed  and  fabricated  a  signal 
conditioning  unit  for  the  UERS  system.  The  unit  receives  and 
reforms  transducer  signals  and  aircraft  pickup  signals  so  that 
they  will  be  compatible  with  the  DARS  recorder  data  channels. 
The  packaged  unit  is  7-1/2  inches  high,  7-1/2  inches  wide,  and 
20  inches  long;  weighs  about  20  pounds;  and  fits  in  a  standard 
5/4  AYR  rack  in  the  aircraft  electronics  bay. 

D.  TRANSDUCERS 


The  UERS  system  required  several  types  of  transducers-  The 
types  may  be  generally  grouped  into  two  categories:  the  air¬ 
craft  transducers  which  are  an  integral  part  of  the  aircraft  in¬ 
struments  and  the  additional  transducers  which  were  installed 
with  the  UERS. 

1.  Aircraft  Transducers 

Uhererer  possible,  existing  transducers  in  the  aircraft  sys¬ 
tem  were  tapped  to  acquire  signals  fcr  the  parameters  to  be  re¬ 
corded  in  the  CEE5  system-  Sens  signals,  such  as  those  lor 
and  flap  position,  are  in  tbs  form  of  synchro  stator  information. 
Ctbers,  such  as  those  fcr  ArR  frequency,  autopilot  node,  wheel 
brakes,  gear  up,  and  gear  touchdown,  are  In  the  form  of  switching 
levels  which  proride  ground  or  voltage  level  signals  to  indicate 
the  rode  of  a  switch  position.  Engine  speed  is  mo  i?  coed  by  sanp- 
ling  the  tachometer  generators  that  produce  freoumcies  proportional 
to  engine  jit  rp=?- 
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2. 


UERS  Transducers 


The  various  types  of  additional  transducers  were  cable 
position  transducers  to  measure  control  surface  deflections, 
accelerometers  placed  at  the  center  of  gravity  and  beneath  the 
cockpit  to  measure  vertical  and  lateral  acceleration,  pressure 
transducers  to  sense  static  and  pitot  pressures,  and  probe  trans¬ 
ducers  mounted  through  the  fuselage  skin  to  measure  angle  of 
attack,  angle  of  sideslip,  and  total  outside  air  temperature - 

E.  UERS  SYSTEM  CALIBRATION 


The  UERS  system  was  initially  calibrated  in  the  contractor's 
instrument  laboratory  and  during  the  installation,  and  interim 
checks  were  performed  during  the  recording  period.  A  final  cali¬ 
bration  was  also  performed  at  the  completion  of  the  recording 
period.  The  accelerometers  and  pressure  transducers  were  cali¬ 
brated  under  static  conditions  with  laboratory  instruments  to 
derive  their  calibration  curves  and  scale  factors.  Those  trans¬ 
ducers  which  used  part  of  the  aircraft  instruments  were  calibrated, 
wherever  possible,  by  using  the  aircraft’s  instruments  or  main¬ 
tenance  equipment.  Extreme  care  was  taken  in  obtaining  the  cali¬ 
bration  for  the  glide  slope  and  localizer  parameters.  To  obtain 
values  of  these  parameters  sore  accurate  than  the  readouts 
of  the  aircraft’s  flight  director,  a  precision  digital  volt¬ 
meter  was  used  to  measure  the  current  through  this  instrument, 
and  the  measurements  were  cross-referenced  with  the  readouts 
during  the  calibration.  The  operation  of  the  navigation  receiver 
was  simulated  by  removing  the  receiver  and  inserting  a  constant 
current  source  to  drive  the  aircraft  system. 


The  taxi  speed  transducer  was  the  only  sensor  which  re¬ 
quired  using  the  manufacturer's  calibrations .  Frequencies  pro¬ 
portional  to  ground  speed  were  obtained  from  the  manufacturer  of 
the  transducer  to  determine  the  calibration  curve  for  this  param¬ 
eter-  Because  of  inherent  signals  within  the  anti-sMd  system, 
cal y  speeds  up  to  65  knots  were  measured . 

A  set  of  initial  calibrations  were  performed  during  the 
assembly  and  installation  of  the  757  ISERS  system  in  October  and 
November  1971.  In  addition  to  normal  calibration  checks  con¬ 
ducted  during  the  program,  a  complete  set  of  final  calibrations 
were  performed  daring  removal  of  the  757  UES5  system  in  Kay 
1972.  For  each  channel.  Table  17  lists  the  © atpat  slopes  deter¬ 
mined  during  the  initial  and  final  calibrations^. 
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TABLE  17.  INITIAL  AND  FINAL  CALIBRATION  DATA  FOR  TIIE  UERS 
SYSTEM  IN  THE  737  AIRCRAFT 


Channel 

.Vo. 

Parameter 

Units 

Sancc 

Initial 

Cal  ihration 
Slope 

(ocr  count) 

Final 

Calibration 

Slope 

(per  count) 

* 

Elevator 

i  Full  Aft 

F-d  to  Aft 

-l.SS 

-2.10 

-» 

Fuel  Quan. 

Lb. 

0  to  19.000 

213.4 

213.4 

5 

RPH  -  So.  1 

Percent 

0  to  no 

0.89 

0.89 

4 

Taxi  Speed 

Knots 

0  to  65 

0.71 

0.69 

5 

C.fi.  nz 

S 

-1.5  to  5.S 

0.041 

0.04] 

6 

Flaps 

See  Sotc  So. 

.  1 

- 

- 

7 

DME 

Miles 

0  to  10 

0.079 

0.079 

3 

Cockpit  nv 

g 

-1.0  to  1.0 

0.016 

0.016 

9 

V03  Freq. 

KHZ 

10S.0  to  117.9 

0.079 

0.079 

10 

BPH  -  So.  2 

Percent 

0  to  110 

O.SS 

0.83 

11 

Soil  Angle 

Degrees 

-90  to  90 

1.42 

1.42 

12 

Pitch  Angle 

Degrees 

-45  to  45 

-0.70 

-0.'0 

13 

Altitude 

In.  Kg. 

4  to  51 

0.256 

0.259 

14 

Heading 

Degrees 

0  to  560 

-2. SI 

-2.31 

13 

Airspeed  lov 

In.  Hg. 

0  to  2 

0.0154 

0.0162 

16 

Airspeed  High 

In.  Kg. 

0  to  9 

0.0725 

0.0705 

17 

Events 

See  Sote  So. 

2 

- 

- 

IS 

Stabilizer 

t  Fall  Travel 

Sose  Da  to  Sose  Up 

2.00 

2.56 

19 

Localizer 

Micro-anps 

-200  to  200 

5.25 

5.S5 

20 

Aileron 

t  Full  Sight 

Lt  to  St 

2.20 

2.6S 

21 

C.C.  "v 

g 

-1.0  to  1.0 

0.0164 

0.0166 

22 

Xarkers 

Off.OM.KM 

- 

- 

25 

Sadder 

1  Fall  Sight 

Lt  to  St 

2.44 

■9  «_• 
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APPENDIX  III 


DATA  PROCESSING  PROCEDURES  AND  DATA  DEFINITIONS 

This  appendix  describes  the  computer  interface  and  the 
data  processing  procedures  while  defining  the  data  categories 
and  parameters. 

A.  PARS  PLAYBACK  INTERFACE 

Although  the  data  on  a  DARS  magazine  tape  is  in  a  standard 
computer  format,  the  data  cannot  be  directly  transferred  to  a 
conventional  computer  because  the  shape  and  the  drive  mechanism 
of  the  hermetically  sealed  unit  are  not  compatible  with  standard 
tape  transports.  Accordingly,  Technology  Incorporated  designed 
and  constructed  a  computer  interface  which  along  with  peripheral 
adapters  interfaces  the  tape  magazine  with  the  Company's  Honeywell 
Model  1015  computer.  The  interface  contains  the  electronics  to 
drive  the  tape,  to  sense  the  start  and  end  of  the  tape  data,  to 
perform  the  parity  check  and  thereby  discard  erroneous  data,  and 
to  transcribe  the  original  data  into  the  computer  memory.  Then 
the  interface  erases  the  magazine  tape  for  reuse,  and  the  com¬ 
puter  transfers  the  data  from  memory  to  a  tape  on  one  of  its 
standard  tape  transports. 

B.  UNUSUAL  EVENTS  DATA 

Preparatory  to  reviewing  the  UERS  data  for  unusual  events, 
the  computer  printed  out  a  listing  of  the  data  for  each  channel 
in  successive  10-sainute  segments  of  recorded  operation.  This 
listing  was  visually  scanned  for  parameter  patterns  indicative 
of  unusual  events  and  for  parameter  values  reflecting  the  proper 
operation  of  the  recording  system.  Ho  unusual  events  (as 
defined  at  the  start  of  the  program)  were  encountered. 

C.  STATISTICAL  DATA 
1.  introduction 

©aring  the  data  processing,  several  types  of  statistical  in¬ 
formation  were  extracted  from  the  recorded  data.  Since  the  dif¬ 
ferent  types  of  statistical  information  required  different  vari¬ 
ables  and  data  categories,  these  types  were  treated  separately 
daring  the  data  «rocess  ing- 

Secaase  only  three  of  the  recorded  variables  were  required, 
tbs  data  was  first  processed  for  TG3  data  which  irclcdes  distribu¬ 
tions  of  c-g-  vertical  acceleration  peak  values  and  elapsed  time 
in  intervals  cf  airspeed,  altitude,  and  gross  weight-  T her,  with 
flight  segments  and  other  information  from  the  YT:'  data,  all  suit¬ 
able  recorded  data  was  processed  for  boreal  Events  data,  as  de¬ 
fined  below-  ?s  noted  during  this  processing,  those  recorded 
flights  with  115  approaches  were  selected  and  processed  for  T!5 
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data  which  comprises  glide  slope  and  localizer  needle  devia¬ 
tions  at  specified  points  during  each  approach.  Finally  the  re¬ 
corded  ground  data  was  processed  for  Taxi  data,  including  verti¬ 
cal  and  lateral  acceleration  peaks,  time  in  taxi  speed  intervals, 
and  lateral  acceleration  during  turns;  and  the  recorded  flight 
data  was  processed  to  obtain  airspeeds  at  each  flap  setting  dur¬ 
ing  flap  extensions  and  retractions. 

The  procedures  and  definitions  required  for  processing  each 
of  the  above  types  of  data  are  described  in  the  following  para¬ 
graphs  . 

2 .  VGH  Data 


a.  VGH  Definitions 


The  extraction  of  VGH  data  from  the  recorded  UERS  data 
was  based  on  the  detection  of  c.g.  normal  acceleration  peaks  ac¬ 
cording  to  the  following  criteria: 

An  acceleration  peak  (or  trough)  was  defined  as  any 
maximum  (or  minimum)  incremental  acceleration  value  above  0.2g 
(or  below  -0.2g)  preceded  and  followed  by  a  rise  and  decay  each 
half  the  peak  value  and  at  least  0.2g  closer  to  O.Og.  The  nor¬ 
mal  acceleration  values  az  were  converted  to  normal  load  factors 
nz  by  the  relation  nz  =  (az/g)  +  1.0,  where  g  is  the  acceleration 
due  to  gravity. 

b .  Turbulence 


Turbulence  was  defined  as  a  period  of  continuous  c.g. 
norsaai  acceleration  activity  with  a  duration  of  at  least  1.0  nin- 
ute.  During  this  period  at  least  one  0.25-Eainute  section  had  to 
have  nine  or  more  crossings  of  the  O.Og  level  and  every  0 . 25 -min¬ 
ute  section  had  to  have  at  least  two  crossings  of  this  level . 

If  two  turbulence  periods  were  separated  by  less  than  a  jainute 
of  sniooth  air,  they  were  classified  as  a  single  continuous  tur¬ 
bulence  period - 


3.  -JikarsEal  Events  Data 


a.  Jvormsal  Event  Definitions 


To  neet  the  expanded  data  objectives  listed  in  the 
Introduction,  57  normal  events  were  selected  to  define  the  air¬ 
craft  operation  for  each  flight.  Dnring  the  data  processing, 
the  set  of  data  representing  these  events  was  called  the  'Vernal 
Events  Tata-’”  The  definitions  of  these  events,  listed  in 
Table  IS,  were  snth  that  sons  events  occurred  once  in  each  flight, 
some  occurred  several  tires  in  a  flight,  end  sons  did  not  occnr 
at  all  In  rany  flights-  Ice  liftoff  and  tonohdoor  of  each  flight 
were  identified  bv  xisralXy  scanning  a  corpnter  listing  of  the 
rainss  for  12  paxaasters  recorded  coring  the  first  and  last  2 


Code 

No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
26 
17 
IS 

19 

20 


21 


24 


23 


23 

27 

23 

2S 


39 


32 


32 


30 


2* 


TABLE  18.  CODE  NUMBERS,  TITLES,  AND  DEFINITIONS  FOR 
37  NORMAL  EVENTS 


Title 

Recorder  Power  On 

Rotation 

Liftoff 

Gear  Up 

Not  Used 

Liftoff  +  120  Seconds 
Not  Used 
Outer  Marker 
Flaps  Up 
Begin  Cruise 
Begin  Descent 
Gear  Down 

Touchdown  -ISO  seconds 
Touchdown  -130  seconds 
Touchdown  -120  seconds 
Touchdown  -90  seconds 
Touchdown  -60  seconds 
Touchdown  -40  seconds 
Touchdown  -20  seconds 
Toccbdcwn  -10  seconds 
Touchdown  -5  seconds 
Middle  tirier 
Tcmhdnwn  -2  seconds 
Teothdewn  -I  second 
Teechdewa 
Cmszd  Spoilers 
Thrust  Tesesse 
Tun  JKteel  5nxi.es 
Imdnng  Kneel  5rx2rs 
Xssssss. 

iStcaa  fj 
SSinanaa  f  a 
Krtss  *■,- 
SKauasa  fj 
SSwasscs  Sj 
®U*«»as 


Definition 

Inaediately  following  autonatic.  recorder  self- test 
Pitch  angle  increase  of  3°  before  liftoff 

Identified  nanually  fron  activity  of  c.g.  vertical  acceleration 
Recorded  event  in  data  channel  17 

Identified  by  tine  fron  liftoff 

Midpoint  of  recorded  outer  narker  indicator  lanp  flashes 

First  zero  flap  setting  recorded  on  channel  6 

Identified  nanually  fron  airspeed  and  altitude  profiles 

Identified  nanually  fron  airspeed  and  altitude  profiles 

Recorded  event  in  data  channel  17 

Identified  by  tire  fron  tcuchdewa 

Identified  by  tire  fron  touchdown 

Identified  by  tire  fron  touchdown 

Identified  by  tute  frc=  touchdown 

Identified  by  tire  frees  touchdown 

Identified  by  tire  frees  touchdown 

Identified  by  tine  frees  teurodewn 

Identified  by  tine  frees  touchdown 

Identified  by  tire  frees  tecchdcwn 

Midpoint  of  recorded  riddle  airier  indicator  lasp  flashes 
identified  fcy  tine  frees  touchdown 
Identified  hy  tine  frees  touchdown 

identified  ff»ec  wheel  spin-ep  cm  taaci  speed  channel  4 

Kecerdrd  exeat  in  data  channel  1  -  after  tsau&dnKa 

t  percent  J375  increase  after  tsushdnwn 

ieesrded  exeat  in  data  channel  2®  Asia*  irswai  eperatioa 

First  recorded  exeat  in  data  channel  29  after  teushSmca 

2test  estreat  saint  fee  iaieeff.  dash,  cerise,  descent  and 
fiaau  acpertaah* 


sPac-res  \j 

*  Ser*  -*aes.  *e*e  :  'e  2.  -  2  stcsuC.es  aa£  fxeaC  agggaaA 

«*r  csttfes  'aaes  *  -ee  ■'•rwhAewe  2  snss^e.  "•<  ea»e3ifi(»«r. 
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minutes  of  the  flight.  The  data  recorded  at  each  normal  event 
in  each  flight  was  reduced  to  values  for  7  4  parameters.  Table 
19  lists  the  24  parameters  monitored  or  computed  for  each  event. 
Some  or  all  of  the  parameter  values  for  a  specific  event  were 
eliminated  if  erroneous  data  recording  caused  them  to  be  pro¬ 
cessed  incorrectly. 


TABLE  19.  TWENTY-FOUR  PARAMETERS  USED  FOR  NORMAL  EVENTS  DATA 


Aircraft  Weight 
Flight  Phase  Code 

Airport  (An  zval  §  Departure)  Code 

Runway  (Arrival  §  Departure)  Code 

Flight  Rule  Code 

Wind  Factor  Code 

C.G.  Vertical  Acceleration 

Taxi  Speed 

Pressure  Altitude 

Indicated  Airspeed 

Dynamic  Pressure 

Stall  Margin 


Flap  Setting 
Roll  (Bank  Angle) 

Pitch  Angle 

Heading 

VOR  Frequency 

Rudder  Control  Deflection 

Elevator  Control  Deflection 

Aileron  Control  Deflection 

Stabilizer  Control  Deflection 

Autopilot  Mode  Code 

Engine  NS  Rpn 

Tine  froa  Touchdown 


h.  t-light  Phase 


Each  processed  flight  was  divided  into  phases  accord¬ 
ing  to  the  criteria  in  Table  20.  As  noted  in  this  table,  the 
flight  data  between  liftoff  and  touchdown  was  divided  into  three 
phases:  ascent,  cruise,  and  descent ;  and  the  ground  data  was  di¬ 
vided  into  four  phases:  prefiight  taxi,  takeoff,  landing,  and 
post flight  taxi. 

Many  short  flights,  particularly  for  the  757  aircraft, 
did  not  hare  a  cruise  phase  as  defined  in  this  table. 


Antonilot  Kod.es 


The  various  coobiraticns  of  autopilot  settings  could 
produce  zany  autopilot  nodes-  Cn  the  basis  of  corral  opera*  »cnal 
crooednres,  however,  the  fire  listed  in  Table  21  were  selects*., 
describe  she  antopilot  operation  in  the  Erects  data- 
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TABLE  20.  FLIGHT  PHASE  DEFINITIONS 


FLIGHT  PHASE  DEFINITIONS 


Phase 

Preflight  Taxi 

Takeoff 

Ascent 

Cruise 


Descent 

Landing 


Definition 

Taxi  data  before  initiating  takeoff  roll 

Ground  data  during  takeoff  roll 

Flight  data  between  liftoff  and  start 
of  cruise 

Flight  data  during  steady  airspeed  and 
altitude  conditions.  Includes  minor 
ascents  and  descents  between  two  ex¬ 
tended  cruise  segments 

Flight  data  between  end  of  cruise 
and  touchdown 

Ground  data  during  touchdown  and  landing 
rollout 


Post  Flight  Taxi 


Taxi  data  following  turnoff  from 
landing  runway 


TABLE  21.  AUTOPILOT  MODES  AND  CODE  NUMBERS 


Code  No. 
1 
2 
5 

4 

5 


Mode 

Off 

Yaw  dasper  only 

Yaw  daaper  and  roll-hold 

Yaw  dasper  and  roll-  and  pitch-hold 

Yav  damper,  roll-  and  pitch-hold,  and 

al ti tude -hold 


d.  Airspeed  asd  flyaanic  Pressure 

Ike  differential  pressure  sensed  by  the  aircraft  pitot  - 
static  system  was  monitored  and  converted  to  indicated  airspeed 
during  th-**  data  process i ny -  Since  arailsnle  pitct-s*atic  pos i  * 
tiea  error  data  'for  ire  instrumented  zircraxt  indicates  that  the 
difference  between  indicated  and  calibrated  airspeeds  during.  ar¬ 
rivals  and  departures  vcmld  not  exceed  1  knots,  indicated  aix- 
spcps  was  used  in  the  data  processing.  lexer  airspeed 

ranges,  the  pitot -static  differential  j 'ess-re  is  eooal  to  toe 
free -stream  Cvszsnx  pressure-,  and  in  the  high  shosonio  speed  range. 


it  is  equal  to  the  impact  pressure,  or  the  so-called  "compressible 
dynamic  pressure."  Since  most  of  the  dynamic  pressures  in  the 
reported  data  are  in  the  lower  Mach  ranges,  the  pitot-static  dif¬ 
ferential  pressure  was  simply  converted  to  units  of  pounds  per 
square  foot  and  called  "dynamic  pressure." 

e .  Weight 

A  combination  of  supplemental  weight  data  and  recorded 
fuel  quantity  data  was  used  to  compute  instantaneous  aircraft 
weight.  The  passenger  and  cargo  weight  at  takeoff  and  the  air¬ 
craft  basic  weight  were  obtained  from  airline  records  correspond¬ 
ing  to  each  recorded  flight.  Then  the  total  of  these  weights 
was  added  to  the  recorded  fuel  weight  at  each  event  to  compute 
aircraft  weight  at  that  time. 

f .  Stall  Margin 

The  stall  margin  was  calculated  from  indicated  airspeed 
Vj  and  stall  speed  Vg  with  tie  following  equation: 

stall  margin  =  Vi/V< 

The  stall  speed  for  each  flap  s  ng  and  aircraft 
weight  combination  was  obtained  from  the  757  airplane  flight 
manual  (Reference  4) . 

g.  Weather 


From  the  Hourly  Weather  Observation  dat2,  the  observa¬ 
tion  closest  in  time  to  each  recorded  arrival  determined  a  VFR 
(visual  flight  rules)  or  one  of  four  IFR  (instrument  flight  rules) 
categories . 


For  ceilings  above  1000  feet  with  visibility  over  5 
miles,  the  arrival  was  classified  as  VFR-  Arrivals  with  ceilings 
below  1000  feet  or  \*isibilities  below  5  miles  were  classified  in 
one  of  four  IFR  categories  with  ceilings  obscured,  below  400  feet, 
between  400  and  1000  feet,  and  above  1000  feet.  The  flight  rule 
categories  are  listed  in  Table  22- 

TABLE  22.  FLIGHT  RULE  CATEGORIES  FOR  APPROACH  DATA 

Ceiii3gAj.sibii3.tr 
errer  10-3  ft/scre  tbaa  3  an. 
ores  1C33  f  c/less  sihaa  3  ssi- 
433  to  ic:3  ft/all 
be  Isa*  433  ft/aii 
■Sfcr 
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Code  a'o. 


Title 


1  m 

2  IPS-  1333 

3  15=2-433  to  13.33 

4  152-feeliSK  433 

3  1*2-3  rscviei 


The  arrivals  were  classified  in  one  of  four  wind  factor 
categories  based1  on  the  change  in  VRpp  normally  used  by  the  air¬ 
lines  for  approaches  with  ground  wind  conditions.  Most  airliries 
keep  the  airspeed  reference  pointer  set  at  Vrrp  (1.3  Vstall) »  ^ut 
if  strong  winds  are  pres'ent,  they  recommend  maintaining  an  air¬ 
speed  above  this  to  compensate  for  wind  gradient  and 'gust  effects 
For  the  wind  gradient  .effect,  uiey  add  one-half  the  wind  value; 
and  for  the  gust  effect,  they  add  all  the  gust  value.  As  an  • 
example,  if  the  wind  is  18  knots  gusting  to  25  knotsi,  they  add 
9  knots  for  the  wind  gradient  and  7  knots  for  the,  gust  effect: 
so  that  the  setting  is  Vref  pl'us  16  knots.  If  the  total  exceeds 
20  knots,  they  add  only  20  knots  to  the  Vref*  When  adding  the 
wind  gradient,  they  anticipate  that  the  airspeed  will  decrease 
by  this  amount, as  the  airplane  nears, the  ground.  If  only  the 
wind  gradient  is  added,  they  al'low  the  airspeed  to  decrease  to 
the  Vref  just  before  touchdown.  If  both  the  wind  gradient  and 
the  gust  effect  are  added,  they  retain  only  the  gust  factor  to 
touchdown.  The  wind  factor  categories  are  listed  in  Table  23. 


TABLE  23.  WIND  CORRECTION  CATEGORIES'  FOR  APPROACH  DATA 


Code  No. 

Title’ 

Correction  to  Vref* 

1 

Vref+0-5  kt 

add  0  to  5  knots  i 

2 

Vref+5" 10 • kt 

add  5  to  10  knots  • 

i 

3 

Vrrf+.10-15  kt 

add  10  to  15  knots  .  . 

4 

Vref+15-20  kt 

add  15  to  20  'knots  ,  i 

*  Add  one 

-half  of  the  steady-wind  velocity,  plus  the  gust  velocit 

h.  Control  Deflectibns  , 

For  uniformity  in  the  data  presentation,  all  control 
deflections  were  calibrated  in  percentage  of  full-scale  deflec-  . 
tion.  Rudder,  elevator,  and  aileron  control  deflections  ranged 
from  -100  to  +100  percent.  Stabilizer  control  deflections  ranged 
from  0  percent  at  the  .full  .nose-up  trim  position  to  10,0  percent 
at  the  full  nose-down  trim  position.  Flap  positions  are  pre¬ 
sented  in  the  units  shown  pn  the  cockpit  indicator. 

I 

i .  Engine  RPM 

The  rpm  measurements  for  each  engine  were  calibrated 
to  agree  with  the  N2  readings  of  the  corresponding  cockpit  indi-, 
cator.  For  the  Events  data,  only  one  rpm  channel  is  presented 
since  it  was  assumed  that  all  engin'es  were  at  the  same  rpm  levels 
during  each  event.  Accordingly,  the  rpm's  for  engine  No.  2  were 
used  for  the  737. 
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4. 


ILS  Data 


All  recorded  approach  data  with  the  VOR  tuned  to  the  ILS 
frequency  of  the  arrival  runway  and  with  glide  slope  and  localizer 
readings  was  classified  as  ILS  data.  Since  the  ILS  was  often 
turned  on  during  VFR  approaches  when  the  pilot  was  not  required 
to  follow  the  beam  centerline  and,  in  fact,  may  not  have  paid 
any  attention  to  the  deviation  indicator,  the  ILS  data  were  sepa¬ 
rated  by  VFR  and  IFR  categories.  During  processing,  all  IFR  ap¬ 
proaches  were  processed  to  yield  the  23  parameters  listed  in 
Table  24,  but  the  VFR  approaches  were  only  processed  when  con¬ 
venient  because  they  happened  to  be  recorded  on  the  same  maga¬ 
zines  as  an  IFR  approach. 


TABLE  24.  TWENTY-THREE  PARAMETERS  USED  FOR  ILS  DATA 


Aircraft  Weight 
Flight  Phase  Code 
Arrival  Airport  Code 
Arrival  Runway  Code 
Flight  Rule  Code 
Wind  Factor  Code 
C.G.  Vertical  Acceleration 
Taxi  Speed 
Pressure  Altitude 


Flap  Setting 
Roll  (Bank  Angle) 
Pitch  Angle 
Heading 
VOR  Frequency 
Localizer  Deviation 
Glide  Slope  Deviation 
Computed  Ground  Speed 
Autopilot  Mode  Code 


Indicated  Airspeed  Engine  N2  Rpm 

Dynamic  Pressure  Time  from  Touchdown 

Stall  Margin 


Thus,  the  emphasis  in  the  ILS  data  was  the  processing  and 
presentation  of  all  IFR  approaches.  In  addition  to  the  defini¬ 
tions  given  above  for  VGH  and  Normal  Events  data,  the  following 
paragraphs  describe  those  definitions  required  for  the  ILS  data 
processing . 

a .  Airport  and  Runway 

The  landing  airport  was  deteimined  from  airline  records 
corresponding  to  each  recorded  flight.  The  landing  runway  was 
determined  from  the  approach  heading,  the  ILS  frequency  (if  used), 
and  the  data  in  the  current  issue  of  the  DOD  Flight  Information 
Publication  Low  Altitude  Instrument  Approach  Procedures  (Refer¬ 
ence  3)  . 
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b .  VOR  Frequency 

The  recorded  VOR  frequency  was  monitored  to  determine 
when  the  receiver  was  tuned  to  an  ILS  frequency  (108.0  to  111.9 
kc) .  The  glide  slope  and  localizer  channels  were  switched  off 
when  VOR  frequencies  above  112.0  were  tuned  in.  The  ILS  fre¬ 
quency  was  cross-checked  against  the  published  frequency  for  the 
arrival  (Reference  11)  to  ensure  that  valid  glide  slope  and  lo¬ 
calizer  signals  were  being  received. 

c.  Distance  from  Threshold 


The  ILS  data  comprises  variable  samples  taken  at  the 
touchdown  point,  threshold,  middle  marker,  outer  marker,  and  at 
twenty-five  distances  from  threshold  at  2000-foot  increments  be¬ 
tween  threshold  and  50,000  feet  out.  These  samples,  or  ILS 
events,  are  listed  in  Table  25.  One  additional  event,  the  maxi¬ 
mum  localizer  overshoot,  is  included  in  Table  25.  The  definition 
of  this  event  is  given  below. 

Only  two  distances  from  threshold,  the  middle  marker 
and  the  outer  marker,  were  actually  known  in  the  recorded  data. 

A  third  point,  touchdown,  was  assumed  to  be  1000  feet  down  the 
runway  from  threshold.  The  times  of  all  other  ILS  events,  except 
the  maximum  localizer  overshoot,  were  determined  from  the  dis¬ 
tances  and  times  at  touchdown,  the  middle  marker,  and  the  outer 
marker.  To  compute  these  times,  ground  speed  was  assumed  to  be 
constant  between  the  middle  marker  and  touchdown.  From  50,000 
feet  to  the  middle  marker,  ground  speed  was  assumed  to  vary 
linearly  with  a  value  of  1.2Vg  at  the  outer  marker  and  0.8Vg 
at  the  middle  marker,  where  Vg  is  the  average  ground  speed  be¬ 
tween  the  two  markers.  The  resultant  computed  ground  speed 
was  compared  with  the  recorded  airspeed  to  ensure  reasonableness . 

d.  Localizer  Deviation 


The  aircraft  deviation  from  the  localizer  centerline 
in  units  of  microamperes  of  receiver  output  was  recorded  during 
ILS  approaches.  Positive  receiver  output  corresponded  to  a  right 
CDI  needle  deflection  which,  in  turn,  indicated  an  aircraft  flight 
path  deviation  to  the  left  of  the  localizer  beam  centerline. 

A  150-microampere  reading  represents  a  "two  dot"  needle 
deflection  or  a  nominal  2-1/2  degrees  deviation  from  the  center- 
line.  To  provide  a  larger  range  of  localizer  deviations,  a  range 
of  ±208  microamperes  was  chosen  as  the  recorded  data  range  since 
the  receiver  output  was  known  to  be  linear  over  this  range. 

During  each  approach,  the  recorded  localizer  deviations 
we re.  searched  for  the  maximum  localizer  overshoot  between  the 
initial  intercept  of  the  beam  centerline  and  the  second  crossing 
of  the  centerline.  Additional  constraints  on  the  localizer  over¬ 
shoot  required  that  the  heading  be  within  15  degrees  of  the  run¬ 
way  bearing  and  that  the  overshoot  occur  before  crossing  the 
outer  marker. 
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TABLE  25.  CODE  NUMBERS,  TITLES,  AND  DEFINITIONS  FOR  ILS  EVENTS 


Code 


No. 

Title 

Definition 

1 

Recorder  Power  On 

Immediately 

■  following  automatic  recorded  self 

-  test 

2 

Localizer 

Overshoot 

Maximum  localizer  overshoot  following  initial 

intercept  of  beam  £ 

3 

50,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

4 

48,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

5 

46,000 

ft. 

from 

Thresholu 

De termined 

from  computed  ground  speed* 

6 

44,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

7 

42,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

8 

40,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

9 

38,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

10 

36,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed1* 

11 

34,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

12 

32,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

13 

Outer  Marker 

Midpoint  of  recorded  outer  marker  indicator  lamp  flashes 

14 

30,000 

.'t. 

(■  om 

Threshold 

Determined 

from  computed  ground  speed* 

15 

28, COO 

ft. 

f  'om 

Threshold 

Determined 

from  computed  ground  speed* 

16 

26,000 

ft. 

lrom 

Threshold 

Determined 

from  computed  ground  speed* 

17 

24,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

18 

22,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

19 

20,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

20 

18,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

21 

16,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

22 

14,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

23 

12,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

24 

10,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

25 

8,000 

ft. 

from 

Threshold 

Determined 

from  comouted  ground  speed* 

26 

6,000 

ft. 

from  ' 

Threshold 

Determined 

from  computed  ground  spetd* 

27 

4,000 

ft. 

from  ' 

Threshold 

Determined 

from  computed  ground  speed* 

28 

Middle 

Marker 

Midpoint  of  recorded  middle  marker  indicator 

lamp  flashes 

29 

2,000 

ft. 

from 

Threshold 

Determined 

from  computed  ground  speed* 

30 

Threshold 

Determined 

from  computed  ground  speed* 

31 

Touchdown 

Identified 

from  wheel  spin-up  on  taxi  speed  channel  4 

•Ground  speed  was  computed  from  distances  between  threshold,  middle  marker, 
and  outer  marker  and  from  times  of  touchdown,  middle  marker  crossing, 
and  outer  marker  crossing. 


e .  Glide  Slope  Deviation 


The  deviation  of  the  aircraft  from  the  glide  beam  cen¬ 
terline  was  also  recorded  in  microamperes  of  receiver  output. 
Positive  receiver  output  corresponded  to  an  upward  glide  bar 
deflection  which  represents  an  aircraft  flight  path  deviation 
below  the  glide  beam  centerline. 
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A  150-microampere  reading  represents  a  full-scale  "two- 
dot"  glide  bar  deflection  or  a  nominal  0.7  degrees  from  the 
centerline. 

5 .  Taxi  Data 

As  described  above,  the  recorded  ground  operation  was  divided 
into  four  phases:  preflight  taxi,  takeoff  roll,  landing  rollout, 
and  postflight  taxi.  This  data  was  processed  to  extract  all  accel¬ 
eration  peaks,  all  taxi  turns,  and  the  distribution  of  time  in  taxi 
speeds.  The  twelve  parameters  listed  in  Table  26  were  included  in 
the  reduced  Taxi  data. 

TABLE  26.  TWELVE  PARAMETERS  USED  FOR  TAXI  DATA 
Aircraft  Weight 
Flight  Phase  Code 

Airport  (Arrival  5  Departure)  Code 

Runway  (Arrival  §  Departure)  Code 

C.G.  Vertical  Acceleration 

C.G.  Lateral  Acceleration 

Cockpit  Lateral  Acceleration 

Indicated  Airspeed 

Taxi  Speed 

Heading 

Engine  N2  Rpm 

Time  from  Touchdown 

a .  Ground  Acceleration  Peak  Definitions 

For  the  recorded  ground  operation  data,  the  c.g.  verti¬ 
cal  acceleration,  c.g.  lateral  acceleration,  and  cockpit  lateral 
acceleration  time  histories  were  each  searched  for  peaks.  The 
maximum  or  minimum  acceleration  value  between  consecutive  cross¬ 
ings  of  the  zero  level  was  classified  as  an  acceleration  peak  if 
it  equalled  or  exceeded  the  ±0.1g  threshold.  The  peaks  were 
tallied  in  O.lg  intervals  and  classified  by  the  corresponding 
values  of  weight,  taxi  speed,  and  heading,  the  flight  phase,  and 
the  arrival  or  departure  runway  and  airport. 

b .  Taxi  Turns 

During  taxi,  changes  in  heading  of  more  than  15  degrees 
at  turn  rates  above  3  degrees  per  second  were  classified  as  turns. 
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A  turn  was  terminated  whenever  the  rate  of  heading  change  de¬ 
creased  to  below  2.5  degrees  per  second  for  a  period  of  at  least 
5  seconds  or  when  heading  changed  more  than  5  degrees  in  a  direc¬ 
tion  opposite  to  the  turn  direction. 

During  each  turn,  the  maximum  and  minimum  values  of  each 
of  the  three  recorded  accelerations  were  computed,  the  total  head¬ 
ing  change  was  computed,  a  code  was  added  if  wheel  brakes  were 
used  during  the  turn,  and  the  turn  was  classified  by  the  values 
of  heading  and  taxi  speed  at  the  start  of  the  turn. 

c .  Taxi  Speed 

To  provide  accurate  measurements  at  the  lower  taxi 
speeds,  the  taxi  speed  transducer  was  scaled  for  a  range  of  0 
to  65  knots.  The  taxi  data  was  classified  in  5-knot  taxi 
speed  intervals.  All  ground  operation  at  taxi  speeds  above  65 
knots  was  placed  in  the  65-knot  interval. 

6 .  F laps  vs.  Airspeed  Data 

During  each  extension  and  retraction  of  the  flaps  in  the 
recorded  UERS  data,  the  maximum  airspeeu  at  each  flap  setting  was 
extracted  and  tabulated.  A  value  was  tabulated  for  each  setting 
passed  through,  even  though  there  may  have  been  no  pause  at  that 
setting.  Each  flap  setting  was  given  a  finite  width  of  approxi¬ 
mately  1/20  of  the  full-scale  deflection  to  ensure  that  the  DARS 
recorder  would  record  at  least  one  flap  value  at  that  setting 
during  each  traverse.  All  recorded  airspeed  values  between  the 
first  recorded  flap  value  in  a  setting  and  the  first  value  out¬ 
side  that  setting  were  compared  to  determine  the  maximum  air¬ 
speed  associated  with  the  setting. 

7 .  Mean  and  Standard  Deviation  Calculations 

The  arithmetic  mean  X  and  standard  deviation  a  were  computed 
from  the  following  equations  taken  from  Reference  7: 


X  = 


Efn) 

n 


and 


where 


Zf (d) 2  -  (Zfd) z/n 
o  =  n  -  1 

X  =  sample  mean  of  X  values 
o  =  sample  standard  deviation  of  X  values 
X  =  value  of  each  measurement  in  sample 
n  =  number  of  measurements  in  sample 

d  =  value  of  midpoint  of  each  class  interval  in  sample 
f  =  frequency  of  values  in  class  interval  d. 


94 


REFERENCES 


Clay,  L.E.,  R.  C.  Delong,  and  R.  i.  Rockafellow,  Airline 
'  Operational  Data  From  Unusual  Events  Recording  Systems 
m  JWZJTr;  and  737  Aircraft,  Technology  Incorporated, 
FM  Report  No.  FAA-RD-71-69,  Federal  Aviation  Adminis¬ 
tration,  Washington,  D.C . ,  September  1971. 

Delong,  R.C.,  Commercial  Aircraft  Unusual  Events  Recording 
System,  Report  No.  TI -273-71-3,  Technology  Incorporated, 
Dayton ,  Ohio,  July  1971. 

Low  Altitude  Instrument  Approach  Procedures,  Department  of 
Defense  Flight  Information  Publication,  Current  Issues. 

Airplane- Flight  Manual  Boeing  737,  November  1968. 

Hunter,  P.A.,  Summary  of  Center-of -Gravity  Accelerations 
Experienced  by  Commercial  Transport  Airplanes  in  Landing 
Impact  and  Ground  Operations,  NASA  Technical  Note  TN- 
D-6124  Langley  Research  Center,  Hampton,  Virginia, 

April  1971. 

Carter,  H.L.,  Revalidation  of  the  Data  Base  Used  in  Estab¬ 
lishing  the  Criteria  for  Simultaneous  I L.^' Approaches  to 
Parallel  Runways  Letter  Report  -  Subprop' ram  No.  150-502, 
Federal  Aviation  Administration,  Washington,  D.C.,  May 
1970. 

Arkin,  H. ,  and  R.R.  Colton,  Statistical  Methods ,  Fifth 
Edition,  Barns  §  Noble,  Inc.,  New  York  City,  1970. 

Press,  H. ,  and  R.  Steiner,  An  Approach  to  the  Problem  of 
Estimating  Severe  and  Repeated  Gust  Loads  for  Missile" 
Uperations7~NACA  Technical  Note  TN-4332,  Langley  Research 
Center,  Hampton,  Virginia,  1958. 

Hunter,  P.A.,  and  M.  E.  Brazziel,  Summary  of  VGH  Data 
Collected  on  One  Type  of  Twin-Engine  Jet  Airplane  During 
Airline  Operations,  NASA  Technical  Note  TN  Technical 
Note  TN  D-4$29,  Langley  Research  Center,  Hampton, 
Virginia,  May  1968. 


